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A B S T R A C T 
This t h e s i s contains a study of the climate of 
Egypt w i t h s p e c i a l reference t o a g r i c u l t u r e . I t i s 
organised i n three main sections. The main body of 
the t h e s i s , beginning w i t h Chapter 3 (Temperatures i n 
Egypt), deals w i t h surface, earth and water temperatures 
i n d e t a i l . Analysis of d a i l y maximum temperatures at 
selected s t a t i o n s during the 15 year period (1960 -
197*0 showed t h a t spring i s the period during which the 
frequency and s e v e r i t y of hot s p e l l s i s gr e a t e s t . 
Analysis of p r e c i p i t a t i o n over Egypt showed t h a t 
the r a i n y season i n Egypt occurs between October and May 
and the maximum r a i n f a l l over the coas t a l Mediterranean 
r e g i o n occurs i n January, but i n Middle and Upper Egypt 
t h i s maximum occurs i n October and May. 
Evaporation and evapotranspiration was estimated 
using the Penman equation and the Thornthwaite formula 
f o r selected s t a t i o n s i n Egypt. These i n d i c a t e d t h a t 
the evaporation and evap o t r a n s p i r a t i o n values f o r each 
month are very high a t Aswan, Kharga and Dakhla s t a t i o n s , 
i n comparison t o Alexandria and Tanta. 
The main weather features which are s u f f i c i e n t 
t o s p e c ify what i s c a l l e d Khamsin weather have been 
analysed. These are excessively high surface temperatures 
and extremely low h u m i d i t i e s , associated w i t h the invasion 
of south and south-east winds which produce r i s i n g dust 
11 
and duststorms. I t i s also seen t h a t there are two 
types of Khamsin depressions. The f i r s t o r i g i n a t e s 
over the A t l a n t i c and the second forms t o the south of 
the A t l a s mountains. 
Factor an a l y s i s techniques have been used t o 
c l a s s i f y the climate of Egypt. The r e s u l t s showed t h a t 
the climate of Egypt can b a s i c a l l y be d i v i d e d i n t o two 
c l i m a t i c zones. The f i r s t comprises the Mediterranean 
Coastal area, i n c l u d i n g the Delta. The second zone 
covers the r e s t of the country south of Cairo. 
M u l t i p l e regression equations have been used t o 
e x p l a i n the r e l a t i o n s h i p s between the crop y i e l d s and 
selected c l i m a t i c v a r i a b l e s . The r e s u l t s derived show 
t h a t the m u l t i p l e regression equations analysing c l i m a t i c 
data have good p r e d i c t i v e q u a l i t i e s i n terms of annual 
y i e l d s . 
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"The Physical Environment of Egypt" 
Egypt forms the north-eastern corner of Afri c a 
and occupies nearly o n e - t h i r t i e t h of the t o t a l area of 
that continent. I t i s bounded to the north by the 
Mediterranean Sea, to the south by the Republic of the 
Sudan, to the west by Libya and to the east by I s r a e l , 
the Gulf of Aqaba, and the Red Sea. I t measures 1073 Km 
i n length from north to south and 1226 Km i n breadth from 
west to east. I t embraces a t o t a l area of almost one 
m i l l i o n square kilometres (386,110 sq. miles). 
Egypt's t e r r i t o r y extends over about ten degrees 
of l a t i t u d e , from 22° N to 32° N with the southern portion 
of the country l y i n g south of the Tropic of Cancer. I n 
consequence most of Egypt comes w i t h i n Africa's dry 
desert region, apart from a narrow s t r i p i n the f a r 
north which experiences a Mediterranean climate (Damagnez, 
1973)* Barren desert covers more than 96% of the country. 
The only inhabited part of Egypt i s a longitudinal oasis 
corresponding to the Lower Nile Valley. This locale i s 
where Egypt's inhabitants have concentrated since the 
dawn of history ( B a l l , 1939). 
The Nile enters Egypt, flowing from the south, 
at Wadi Haifa on the Egyptian-Sudanese f r o n t i e r . The 
r i v e r flows across Egypt f o r a distance exceeding 1530 Km, 
u n t i l f i n a l l y discharging i t s waters int o the Mediterranean 
Sea. The Nile i n i t s lower section i n Egypt has no 
- 3 -
t r i b u t a r i e s to supply i t with water other than a few 
dry wadis entering from both banks. These wadis are 
rarely f i l l e d with water. The Nile i n t h i s respect i s 
similar t o a l l r i v e r s which run through deserts i n t h e i r 
lower courses, such as the Colorado River i n the United 
States, the Loa River i n Chile, the Indus River i n 
Pakistan, and the T i g r i s and Euphrates Rivers i n Iraq 
(Abu Al-I z z , 1971). 
The Nile divides Egypt into two d i s t i n c t morpho-
l o g i c a l regions. The region to the east consists of a 
dissected plateau draining to the r i v e r , while the region 
to the west consists of a series of unconnected depressions. 
Although the land to the east of the Nile forms onegeo-
morphological region, i t i s divided geographically int o 
the Eastern Desert and the Peninsula of Sinai separated 
by the Gulf of Suez (Fig. 1.1). 
According to Said (1962), Egypt consists of four 
regions, namely 1 -
1.1 - The Nile Valley and the Delta. 
1.2 - The Western Desert. 
1.3 - The Eastern Desert 
1.4 - The Sinai Peninsula. 
Some of the main geographical features of each 
of these provinces are given i n the following paragraphs. 
1.1 - The Nile Valley and Delta :-
The Nile Valley and the Delta occupy the a l l u v i a l 
t r a c t along the lower 1530 Km of the River Nile w i t h i n 
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the borders of Egypt. Along t h i s section the Nile 
receives no t r i b u t a r i e s . A fter entering Egypt at Wadi 
Haifa i t passes f o r more than 300 Km through a narrow 
valley with c l i f f s of sandstone and granite on both i t s 
eastern and western sides u n t i l i t reaches the f i r s t 
cataract which commences about ? Km south of Aswan. The 
construction of the Aswan Dam at the beginning of t h i s 
century drowned the s t r i p s of cultivable land along t h i s 
stretch, while the construction of the Aswan High Dam 
rendered large t r a c t s of the Nubian Desert a vast 
reservoir of water. At Kalabsha the r i v e r flows through 
a rocky gorge, then at the f i r s t cataract i t s course i s 
much obstructed by rocky islands. 
At flood time the slope of the water surface i n 
t h i s stretch i s from 125 m above sea l e v e l at Wadi Haifa 
to 92 m above sea l e v e l at Aswan; an average gradient 
of about 1 m i n 11 Km. This figure exceeds only s l i g h t l y 
the average slope of the r i v e r i n the remaining 1200 Km 
of i t s course t o the Mediterranean. North of Aswan, the 
Nile Valley broadens and the f l a t s t r i p s of cultivable 
land, extending between the r i v e r and the c l i f f s that 
bound i t s valley on either side, gradually increase i n 
width northward. About 260 Km north of Qena, the c l i f f s 
on the western side of the valley become much lower than 
those on the eastern side and continue so fo r more than 
400 Km to Cairo, where the valley opens out to the Delta. 
The average width of the f l a t a l l u v i a l f l o o r of the Nile 
Valley between Aswan and Cairo i s about 10 Km, and that 
of the r i v e r i t s e l f about 0.75 Km. Throughout i t s entire 
- 6 -
course, the Nile tends to occupy the eastern side of 
i t s valley, so that the cultivable lands on the west of 
the r i v e r are generally much wider than those on the 
east. I n f a c t , i n some places, the stream almost washes 
the eastern boundary c l i f f s . I n many parts of the valley 
marginal terraces containing f l i n t implements can be 
traced at heights considerably above the c u l t i v a t i o n 
l e v e l indicating that the r i v e r must have flowed i n pre-
h i s t o r i c times at higher levels than i t does at the present 
(see B a l l , 1939; Awad, 19^?j Said, 1962; Wendorf et. aL , 
1977). 
After passing Cairo, the r i v e r flows i n a north-
westward d i r e c t i o n f o r a distance of 20 Km, a f t e r which 
the branching of the Delta begins. The Delta has two 
d i s t r i b u t a r i e s , the Rosetta and Damietta branches. The 
f i r s t has a length of 239 Km, and the second i s six 
kilometres longer (Abu Al-Izz, 1971). 
The Fayum depression, l y i n g a short distance to 
the west of the Nile Valley, i s connected with the River 
Nile by a narrow channel through the desert h i l l s . The 
lowest part of the depression i s occupied by a shallow 
lake called Birket Qarun which i s about 45 m below sea 
2 
le v e l and about 200 Km i n area, the s o i l s of the depres-
sion are formed from the Nile's s i l t , and are, therefore, 
similar t o the so i l s of the valley and the delta. The 
area of the Fayum depression i s 1700 Km (For more d e t a i l s , 
see Beadnell, 1905s Said, 1962j Abu Al-Izz, 1971). 
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1.2 - The Western Desert i -
West of the Ni l e , the Western Desert extends 
over a vast area occupying more than two-thirds of the 
t o t a l area of Egypt (681,000 Km ). I t i s essentially 
a plateau with vast f l a t expanses of rocky ground and 
numerous extensive and deep depressions (see f o r example, 
Said, 1960; B a l l , 1939» Beadnell, 1909). I t a t t a i n s i t s 
greatest a l t i t u d e i n the extreme south-western corner of 
the country, where the general plateau character i s 
disturbed by the great mountain mass of Gebel Oweinat 
ly i n g just outside Egypt, (Fig. 1.2). The north-eastern 
flanks of the mountain are, however, w i t h i n the borders 
of Egypt. 
To the north of the great G i l f Plateau l i e s 
another plateau with arms extending i n several directions. 
This plateau i s composed of limestone and i s lower i n 
elevation than the Great G i l f Plateau, i t s average 
elevation being l e s 6 than 500 m above sea l e v e l . The 
limestone plateau forms the main landform feature west 
of the Nile Valley, as i t extends from south to north 
for more than 700 Km. This means that i t covers over 
two-thirds of the length of Egypt. The high ridged 
plateau slopes towards the Nile Valley i n the east; 
towards the Kharga and Dakhla Oases i n the south; and 
towards the Qattara-Siwa Depression i n the north. 
Hollowed out of the plateau surface are two great 
depressions, those of Parafra and Bahariya. The area 
2 
of the former i s more than 3000 Km and the second has 
2 
an area of about 1800 Km , s l i g h t l y more than that of 
8 
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the Fayum Depression (Said, 1962j Abu Al-Izz, 1971). 
A Miocene limestone plateau l i e s t o the north 
of the Qattara-Siwa Depression. I t i s triangular i n 
shape, with i t s apex lyi n g west of the Nile Delta and 
i t s base running along the f r o n t i e r between Egypt and 
Libya. This plateau i s known by the name of Marmarica. 
I t s elevation i s about 200 m above sea l e v e l , and i t s 
surface slopes toward the Qattara-Siwa Depression where 
a high ridge stands l i k e a w a l l between th* plateau and 
the depression. The Miocene plateau i s very close to 
the sea i n the far western part of the Western Desert 
(Fig. 1.2) and i s only separated from the sea by a 
narrow coastal p l a i n produced by several wadis which 
flow from the plateau i n t o the Mediterranean. 
A pronounced feature of the Western Desert, 
obviously due to i t s a r i d climate, i s the almost complete 
absence of well-marked drainage l i n e s (Murray, 1951t 
Butzer, 1959i Himida, 1970). There are a few g u l l i e s 
draining from i t s northern edge to the sea, and a few 
others draining into the Nile Valley along i t s eastern 
border, but none of these extend far back into the rocky 
platform. Over the vast i n t e r i o r of the desert, such 
scanty r a i n f a l l as occurs i s l o s t mostly through evapor-
a t i o n and p a r t l y through drainage over broad stony plains 
i n t o the various i n t e r n a l depressions. 
Another feature of the Western Desert i s the 
nature and d i s t r i b u t i o n of i t s water sources. Along the 
narrow b e l t of the Mediterranean l i t t o r a l there are wells 
and cisterns fed by l o c a l r a i n f a l l . At the foot of 
- 10 -
Gebel Oweinat there are springs fed by the occasional 
rains which f a l l on the mountain mass, but the land i n 
between i s p r a c t i c a l l y rainless. The Oases of Siwa, 
Bahariya, Kharga and Dakhla owe t h e i r h a b i t a b i l i t y to 
artesian supplies. A l l the Oases, as well as the 
scattered wells to the south of Kharga, are situated 
i n great depressions where the ground water supplies 
can r i s e t o the surface, but the vast intervening areas 
of high plateaus are waterless (For more d e t a i l s , see 
Hammad, 1970} Himida, 1970). 
The Western Desert i s also characterized by 
p a r a l l e l b e lts of sand dunes, of immense length and 
comparatively small breadth, running generally i n a 
south-south-easterly d i r e c t i o n . One of the most note-
worthy of these i s the Abu Moharik dune belt which extends 
for a distance of over 300 Km i n length and only a few 
kilometres i n width. This chain extends from the west 
of the Bahariya oasis to the north of Kharga and con-
tinues, with minor breaks i n the same d i r e c t i o n , f o r 
another 150 Km w i t h i n the Kharga depression (Beadnell, 
1910). Besides these dunes there are extensive f l a t 
expanses of d r i f t e d sand especially i n the south and 
west. The t o t a l area covered by sand i s i n fact less 
than that occupied by bare rock (see, f o r example, B a l l , 
1939i Said, 1962). 
1.3 - The Eastern Desert i -
Between the Nile Valley and the Gulf of Suez -
Red Sea coastline i s the Eastern Desert. I t consists 
- 11 -
of a backbone of high rugged mountains running p a r a l l e l 
t o , and at a r e l a t i v e l y short distance from, the coast. 
These mountains are flanked t o the north and west by 
sedimentry plateaus. The Eastern Desert occupies a 
substantial portion of Egypt, with an area greater than 
223,000 Km f or about 21% of the t o t a l area of the 
country. 
The backbone of the Eastern Desert i s a mountain 
chain known as the Red Sea mountains, running p a r a l l e l 
to the Red Sea, and separated from i t by a narrow coastal 
p l a i n . Neighbouring the Red Sea mountains on the north 
and west are dissected plateaus formed from sedimentary 
rocks. Examples of these plateaus are Al-Galala A l -
Qibliya (lb6k m), Al-Galala Al-Bahariya (12?4 m), and 
Mount Ataqa (871 m). These are blocks separated from 
one another by broad Wadis terminating i n The Red Sea 
and the Gulf of Suez, (Fig. 1.3). The Red Sea mountains 
themselves are composed of igneous rocks. These rocks 
are f i r s t seen at l a t i t u d e s 28° N, near Mount Urn Tanasib, 
and from there they extend i n a narrow t r i a n g l e t o a 
base p a r a l l e l i n g the Egyptian-Sudanese border at l a t i t u d e 
22° N. This igneous t r i a n g l e protrudes i n t o the eastern 
Sudan. 
The Red Sea mountains are not a single chain, 
but several groups of mountains chains l y i n g i n l i n e s 
p a r a l l e l to the Red Sea Coast. These mountains are 
intruded by igneous blocks. The highest of the peaks 
i s Mount Al-Shayib (2184 m) at l a t i t u d e 27° N. The peak 
known as Gabal I l b a i s i n the f a r south-eastern corner 
- 12 -
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of Egypt. I t has an elevation of 1437 m, and i s an 
igneous block with a square shape. Located close to 
the Red Sea Coast, i t s slope has a d i f f e r e n t i a t e d 
vegetation cover varying i n v e r t i c a l zones according 
to a l t i t u d e . Other major peaks are Mount Al-Fariayid 
(1366 m) and Mount Hamata (1978 m), (Fig. 1 . 3 ) . 
The southern region i s known as the Al-Ababada 
plateau, borrowing i t s name from a lo c a l t r i b e . This 
plateau i s sandstone and has a higher elevation than 
the limestone plateau. I t i s characterized by increasing 
width toward the south, reaching i t s broadest part at the 
f r o n t i e r between Egypt and the Sudan. 
There are several differences between the Eastern 
and Western Deserts :-
1) The Eastern Desert i s highly dissected by 
numerous wadis and t h e i r t r i b u t a r i e s . These cut i t into 
several small plateaus which l i e between the Red Sea 
mountains and Nile Valley, (Fig. 1 . 3 )• I n contrast, the 
Western Desert i s dominated by vast rocky surfaces devoid 
of any drainage l i n e s . 
2) The Eastern Desert has external drainage, i n 
comparison t o the predominantly i n t e r n a l drainage of the 
Western Desert. I t s wadis f a l l into two drainage systems, 
whose base levels are the Red Sea and the Mediterranean 
Sea, and which are separated from each other by a drainage 
divide following the Red Sea mountains. The Red Sea 
system consists of a large number of steep, short wadis, 
while the Mediterranean (or Nile Valley) system i s composed 
- 14 -
of a r e l a t i v e l y small number of trunk channels such as 
the Wadi Tarafa, the Wadi Asyut, the Wadi Al-Betor, the 
Wadi Shait, the Wadi Kharit, and the Wadi A l - A l l a q i 
(Fig. 1.3). The basins of these wadis cover an area 
of several thousands of square kilometres. For instance, 
the Wadi Al-Allaqi's basin alone covers more than 44,000 
2 
Km . A l l of these wadis follow an east-west d i r e c t i o n 
except Wadi Qena, which runs from north to south. 
3) Both deserts are poor i n water resources. 
The Eastern Desert's main source of water i s the sporadic 
desert rains which f a l l on the Red Sea mountains and 
flow i n torrents eastward to the Red Sea or westward to 
the Nile. This water immediately percolates through 
the gravel and sand deposits which f i l l the wadi beds. 
The most common watering places i n the Eastern Desert 
are wells dug i n the wadi beds, tapping these natural 
underground reservoirs. Most of the wells i n the 
Eastern Desert are so shallow that t h e i r water can be 
drawn from a depth of between eight and ten metres, (see 
f o r example, Hume, 1907; Said, 1962; Abu Al-Iz z , 1971). 
4) Unlike the Western Desert the Eastern Desert 
has no sand sheets. There are, however, heaps of sand 
along the Red Sea Coast south of Ras Banas. The reason 
f o r the accumulation of sand i n t h i s area i s the con-
vergence there of the north-west and south-east winds, 
producing a condition of calm i n which sand i s l a i d 
down. These heaps of sand, though, are not i n any way 
similar t o the great sand sea i n the Western Desert. 
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1.4 - Sinai Peninsula t -
Sinai covers an area of 61,000 Km . I t i s 
separated geographically from Egypt by the Sues Canal 
and the Gulf of Suez. I t i s triangular i n shape and 
continuous with the Asiatic continent f o r a distance 
of over 200 Km from the head of the Gulf of Aqaba t o 
Rafah on the Mediterranean. The core of the peninsula, 
situated near i t s southern end, consists of an i n t r i c a t e 
complex of high and very rugged igneous and metamorphic 
mountains. The northern two-thirds of the peninsula i s 
occupied by a great northward-draining limestone plateau 
which rises inland from the Mediterranean coast. This 
extends southwards, and terminates i n a high escarpment 
on the northern flanks of the great igneous core, (Fig. 
1.4). 
Sinai's igneous core contains the greatest 
mountains i n Egypt. The highest peak, Gebel Katherina, 
a t t a i n s an a l t i t u d e of 2632 m above sea l e v e l . Many 
other peaks and crests r i s e above the 2000 m contour, 
including the Gebel Urn Shomer (2586 m) and the Gebel 
El-Thpet (2439 m). The core of the peninsula i s highly 
dissected: i t s gaunt mountain and deep rocky gorges form 
one of the most rugged t r a c t s on the earth's surface. 
To the north of the igneous core l i e s the Gebel 
El-Tih the highest part of the limestone plateau. At 
i t s southern end i s the Al-Ugma plateau, r i s i n g to 1620 
above sea l e v e l . The central portion of the plateau 
surface forms a f a i r l y open country draining to the 
Mediterranean by numerous t r i b u t a r i e s of the Wadi 
- 16 -
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Al-Arish. The eastern and western edges of t h i s plateau 
are dissected by numerous narrow and deep rocky valleys 
draining to the Gulfs of Aqaba and Suez (Beadnell, 1926). 
To some geologists the Sinai plateau i s a geo-
l o g i c a l extension of Asia, separated from the rest of 
Egypt by the Gulf of Suez (Said, 1962), I f t r u e , Egypt's 
eastern boundary, which extends f o r a distance of 200 Km 
between Rafah and the Gulf of Aqaba, forms an a r t i f i c i a l 
l i n e c u t t i n g through a single geological and physiographic 
formation. The Tih plateau which occupies the central 
part of Sinai i s considered t o be an extension of the 
plateaus of Samarra and Yahudiya i n central I s r a e l . 
I n northern Sinai, the northward dip of the 
plateau i s broken by h i l l s of considerable size, the 
pr i n c i p a l of which are the Gebels Yelleg (1090 m), 
Halal (890 m) and Maghara (735 m). Beyond these, and 
extending nearly t o the Mediterranean ootst, i s a broad 
t r a c t of sand dunes some of which a t t a i n heights of over 
100 m above sea l e v e l . 
1.5 - Drainage patterns i n Egypt 1 -
The influence of regional slope i s c l e a r l y noticed 
when we compare the Eastern and Western Deserts. The 
drainage systems i n the f i r s t are d i s t i n c t and numerous; 
and believed to be the product of a number of u p l i f t s 
which have made the Eastern Desert higher and steeper 
than the Western Desert. 
Figure 1.5 shows the d i s t r i b u t i o n of drainage 
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patterns i n Egypt. The Red Sea mountains can be con-
sidered as the eastern boundary of the Nile basin, since 
from t h e i r eastern slopes steep wadis flow i n t o the Red 
Sea, and from t h e i r western slopes water flows toward 
the Nile. The water divide between the Red Sea and the 
Nile basins runs i n a north-south d i r e c t i o n , sometimes 
close to the Red Sea and sometimes distant from i t 
according to the characteristics of the rocks and the 
regional slope. 
The drainage regions i n Egypt can be c l a s s i f i e d 
as follows t -
1) The Mediterranean drainage area covers 245,000 Km 
2 
2) The r i f t valley drainage system covers 99,000 Km 
3) The remaining two-thirds of Egypt (664,000 Km2) 
has an i n t e r n a l drainage system, a l l of which i s located 
in the Western Desert (Nuttonson. 1961; Abu Al-Izz, 1965 
and 1971). 
1.6 - The geological map of Egypt 1 -
The geological map of Egypt shows the general 
geology of the country i n as much as i t s scale permits 
(Fig. 1.6). The geology of Egypt has been studied by 
a large number of geologists, including, Krenkel (1925); 
Hume (1929); Yallouze and Kenetsch (1955); Abu Al-Izz 
(1953); Shata (1959); Said (1962); Barakat and Miland 
(1966); P h i l i p and Fakhry (1969); McKenzie et a l (1970); 
McKenzie (1970); Takin (1972) and others. These studies 
have proved that Egypt, as well as other countries of 
North A f r i c a , was invaded several times by the Sea of 
- 20 
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Tethys. This old geologic sea probably began t o form 
i n the Pre-Cambrian Era. The Sea of Tethys i s the 
antecedent of the Mediterranean Sea, and has always 
encroached upon the land of Egypt from the north. This 
means that Egypt's past land-sea d i s t r i b u t i o n has not 
always been the same as that of today. Indications are 
that the sea has invaded parts of Egypt several times, 
ret r e a t i n g northward with a r i s e i n the land surface. 
This a l t e r n a t i o n has been repeated often during Egypt's 
long geologic hist o r y . 
The following table shows the d i s t r i b u t i o n of 
geological formations from d i f f e r e n t geologic periods 
i n Egypt (see Said, 1962 and Abu Al-Izz, 1971). 
- 22 -
Table l.a 
"Areal d i s t r i b u t i o n of the formations of the 
d i f f e r e n t geologic periods i n Egypt" 
Geologic period 2 Area (Km ) % 
Pleistocene and Holocene 165,000 16.18 
Pliocene 7,000 0.69 
Miocene 113,000 11.08 
Oligocene 16,000 1.57 
Eocene 203,900 20.00 
Cretaceous (Limestone) 130,000 12.75 
Cretaceous (Sandstone) 290,000 28.^ 
Jurassic ^50 0.0*f 
Triassic 50 0.01 
Carboniferous 1,200 0.12 
Pre-Carboniferous 93.000 9.12 
Total 1,019,600 100.00 
- 23 -
This thesis i s concerned with three main sections :-
The f i r s t section i s a study of the major climatic 
elements and i s divided into six chapters. The f i r s t 
chapter i s a general explanation of the effect of the 
main climatic factors and a i r masses on the climate of 
Egypt. The second chapter i s a study of the temperatures 
(surface, earth and water temperatures). P r e c i p i t a t i o n 
and evapotranspiration are discussed i n the t h i r d and 
fourth chapters i n t h i s section respectively. The f i f t h 
chapter analyses Khamsin weather conditions. The l a s t 
chapter i s an attempt to c l a s s i f y the climate of Egypt 
using factor analysis techniques. 
In section two, the agriculture of Egypt i s 
studied i n three chapters. The f i r s t i s an introduction 
to the agriculture of Egypt and i t s s o i l s . The second 
discusses the major crops and the expansion of agriculture 
lands i n Egypt. The i r r i g a t i o n and drainage systems 
are studied i n the t h i r d chapter. 
Section three analyses the relationships between 
climatic elements and crop yields i n Egypt. Four chapters 
are involved. The f i r s t i s an introduction to the r e l a t i o n -
ships between crop yields and climatic conditions. The 
second and the t h i r d chapters analyse the effects of 
climatic elements on cotton and wheat yields i n Egypt 
respectively. The actual and predicted maize, r i c e and 
sugar cane yields are studied i n the fourth chapter. 
( S E C T I O N ONE) 
"The Main Climatic Elements i n Egypt" 
- Introduction 
- Temperatures i n Egypt 
- Pr e c i p i t a t i o n i n Egypt 
- Evapotranspiration i n Egypt 
- Khamsin Conditions i n Egypt 
- Climatic Classifications i n Egypt 
C H A P T E R 2 
Introduction to the Climate of Egypt 
- 26 -
To understand the climate of Egypt, i t i s necessary 
to examine the major factors and the main a i r masses that 
p r e v a i l over adjacent areas, as well as t h e i r character-
i s t i c s , and the modifications they undergo p r i o r to t h e i r 
a r r i v a l i n Egypt. 
The climate of Egypt i s influenced by the following 
basic factors t-
1) The semi-permanent pressure systems i n each 
seasons such as the cold Siberian anticyclone i n winter, 
the heat lows of Africa an spring and autumn, and the 
huge low pressure system over southwest Asia i n summer. 
2) The t r a j e c t o r y of the depressions and associated 
weather systems i n autumn, winter and spring. 
3) The Mediterranean and, too a much lesser extent, 
the Red Sea as sources of water vapour, i n addition t o 
t h e i r role as positive or negative thermal sources. The 
Mediterranean has a pronounced influence on the northern 
area (Lower Egypt) but the effect of the sea greatly 
diminishes towards Upper Egypt. 
4) Orographic influences play a small role i n 
the general climate but have important l o c a l e f f e c t s . 
The main a i r masses i n each season are summarized 
hereafter i -
I n winter the Mediterranean becomes the theatre 
f o r the consecutive passage of depressions, some being 
single centred and others complex. They are the main 
cause of weather change i n t h i s season. Mediterranean 
- 2? -
depressions mainly a f f e c t Lower Egypt with Upper Egypt 
remaining p r a c t i c a l l y untouched by them. However, the 
cold northwesterly winds i n the rear of depressions 
over the eastern Mediterranean reach southwards to 
Upper Egypt and cause both a reduction i n temperature 
and the occurrence of sand-storms. They are not usually 
associated with any p r e c i p i t a t i o n . The coldest winter 
spells experienced i n Egypt r e s u l t from the a r r i v a l of 
such a i r masses. The Pc a i r occurs when a deep depression 
with a strong pressure gradient (usually centred over 
Cyprus) covers the Mediterranean at a time when the 
Siberian anticyclone extends to cover the Balkans. The 
Pc a i r reaches Egypt as a cold northwesterly wind. I n 
t h i s season the a i r mass ( T c ) h i s much warmer than the 
(Tc) a i r above North A f r i c a . The two a i r masses are 
separated by a quasi-Stationary Surface of Discontinuity, 
the Sub-Tropical Discontinuity (STD). I n winter, however, 
the ( T c ) h a i r i s too f a r south t o be drawn northwards by 
Mediterranean depressions and therefore r a r e l y a f f e c t s 
Egypt i n winter (Pig. 2.1 A). 
I n spring the Sudan trough sometimes extends 
northwards to cover Egypt and consequently, the hot 
southerly current of a i r from Arabia flows over the 
country, causing moderate or severe hot spells. This 
a i r i s hot and dry except i n the Mediterranean coastal 
s t r i p where i t picks up moisture from the sea. This 
sometimes leads to the formation of early morning 
r a d i a t i o n fog over Lower Egypt. I n t h i s season the STD 
i s located north of i t s winter position (Fig. 2.IB) and 
comes w i t h i n the f i e l d of interaction of the Khamsin 
28 
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depressions. After the formation of the depressions 
the STD experiences north-ward movement so that the 
very hot ( T c ) h a i r forms the warm sector of the 
depressions. 
I n summer, there are frequent temperature 
o s c i l l a t i o n s as a r e s u l t of the northerly winds which 
can p r e v a i l over Egypt at t h i s time. These winds have 
two d i f f e r e n t sources i -
a) Asiatic o r i g i n , a r r i v i n g i n Egypt as NE winds 
causing hot spells. 
b) European o r i g i n a r r i v i n g i n Egypt as NW winds 
bringing cooler spells. 
I n summer the climate of Lower and Middle Egypt, 
being affected by the cool Mediterranean waters, i s 
warm during the daytime and rather cool by night. The 
maximum effect i s obviously f e l t i n coastal areas where 
the weather i s pleasant. As the STD moves further north-
ward i n summer, Upper Egypt l i e s t o the south of i t and 
experiences a hot, very dry climate (Fig. 2.1C). 
The climate i n the autumn season i s similar t o 
that i n spring, f o r i t i s another t r a n s i t i o n a l period. 
Khamsin-like depressions begin t o cross Egypt during 
October and cause a break down of the set t l e d summer 
regime. On the other hand, the higher humidity i n t h i s 
season favours greater frequency of thunderstorms and 
heavier p r e c i p i t a t i o n ; especially i n November. I n t h i s 
season heat waves are less common and less severe than 
i n spring. This i s because the depressions are weaker 
- 30 -
and since the STD i s further south, ( T c ) h a i r i s not 
easily drawn northwards to a f f e c t Egypt (Fig. 2.ID). 
Climatological data used i n t h i s work were taken 
from $k climatological stations (Fig. 2.2). Average 
d a i l y , monthly and annual values registered at the long-
term base stations were used. 
A l l the maps of the various climatic elements 
included i n t h i s thesis have been objectively drawn using 
a computer program - the SYMAP - method which was o r i g i n -
a l l y w r i t t e n by the Laboratory f o r Computer Graphics at 
Harvard University, U.S.A. This programme works on the 
basis of given co-ordinates of data points and the values 
associated with them. Continuous v a r i a t i o n i s assumed 
between two contour l i n e s and the interpolation algorithm 
i s based on a weighted average of slopes and values of 
nearby data points. The sp a t i a l units are defined by 
the nearest neighbour technique from point information, 
so that each character location on the output map i s 
allocated the value of the nearest data point. Boundaries 
are assumed along the l i n e where the values change and 
choropleth i s then applied. The SYMAP program also has 
been used t o draw the choropleth maps f o r the major 
agriculture crops i n the a g r i c u l t u r a l section i n the 
present thesis (For other instances of computer drawn 
climatic maps see, Brown and Rosenbery, 1969i Williams, 
1970; Maine, 1967i Bleasdale and Farrar, 1965j Herbst, 
1966 and Muxworthy, 1972). 
The present section considers temperatures, pre-
31 
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c i p i t a t i o n , evapotranspiration, Khamsin weather conditions 
and a c l a s s i f i c a t i o n of Egypt's climate using factor 
analysis techniques. 
C H A P T E R 3 
Temperatures i n Egypt 
- 3^ -
This chapter summarises temperature observations 
i n Egypt. I t includes surface temperaturesi earth 
temperatures down to a depth of two metres at a number 
of stations i n Egypt, and water temperatures (River N i l e ) . 
3.1 - Surface temperatures i -
A study of surface temperature data reveals the 
following general characteristics i -
a) The sudden change from the summer regime t o 
the winter regime, often occuring i n late October, which 
gives r i s e to a drastic a l t e r a t i o n i n mean monthly temper-
atures (maxima, minima, and mean). 
b) The change from the Mediterranean depressions 
of winter t o the Khamsin depressions of spring which 
causes a sudden r i s e i n temperature. 
Mean maximum temperatures i -
The highest mean maximum temperatures occur i n 
July or August, except i n the most southerly part of the 
country where the combination of high sun and the a r r i v a l 
of hot ( T c ) h a i r south of the STD leads t o a June maximum 
temperature. I t i s noticed that the highest mean maximum 
temperatures occur at Aswan during June, July and August, 
and are ^ 2.0, ^1.9 and 42.0°C respectively. The lowest 
mean maximum temperatures are recorded at Alexandria and 
Port Said i n January (18.3°C and 18.0°C respectively) 
(Fig. 3*1 and Table 3*a). The highest absolute maximum 
temperature registered at Aswan on 8th of June, 1932 was 
- 35 -
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50.6°C, w h i l s t the lowest absolute maximum temperature 
of 25.0°C was r e g i s t e r e d a t Port Said on 26th of January, 
1957 (Table 3.a). 
I n general the highest mean maximum temperatures 
u s u a l l y occur i n June, J u l y and August, w h i l s t the lowest 
maximum temperature data are recorded during December, 
January and February ( F i g . 3»1 and Table 3-a). The highest 
range between mean maximum and mean minimum temperatures 
i s r e g i s t e r e d a t inlan d s t a t i o n s , while the s m a l l e s t 
range i s recorded a t the c o a s t a l s t a t i o n s ( F i g . 3-2). 
Mean minimum temperatures i -
The lowest minimum temperatures are encountered 
i n winter (January) i n the heart of the Western Desert, 
approximately i n the area between 25° N and 29° N, and 
west of 31° E . T h i s area comprises the oases and t h a t 
p a r t of the N i l e protruding i n t o the Western Desert near 
Minya. The area i s too f a r south to be a f f e c t e d by the 
warm Mediterranean a i r mass and too f a r north to be 
influenced by the warm east-north-west winds which form 
a s part of the Sudan trough (Soliman, 1953Aand 1972). 
I t i s a l s o n o t i c e d t h a t the lowest mean minimum 
temperatures were recorded a t Minya and Siwa. These 
were 4.0°C and 4.1°C r e s p e c t i v e l y ( F i g . 3^1) • 
Seasonal temperature c o n d i t i o n s i-
The main feature i n s p r i n g (March - May) i s the 
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c e n t r e s t r a v e l e i t h e r along the c o a s t - l i n e of North 
A f r i c a or f u r t h e r south, where they are known as "Khamsin 
depressions" (these depressions are d i s c u s s e d i n d e t a i l 
i n the Khamsin c h a p t e r ) . I t can be seen t h a t the highest 
mean temperature recorded i n t h i s season i s found a t 
Aswan (27.2°C). The lowest mean temperature i s r e g i s t e r e d 
i n the c o a s t a l r e g i on ( i . e . 1?.5°C a t S i d i B a r r a n i and 
Mersa Matruh s t a t i o n s ) ( F i g . 3«3»). 
The general climate i n summer (June - September) 
i s hot,dry and r a i n l e s s . C l e a r s k i e s p r e v a i l , except 
f o r some c o a s t a l f a i r weather cumulus or e a r l y morning 
s t r a t u s clouds which form over Lower Egypt and d i s p e r s e 
a few hours a f t e r s u n r i s e . I n t h i s season the extreme 
southern p a r t of Egypt i s the h o t t e s t a r e a i n the country 
( F i g . J.b). The highest record f o r summer mean temperature 
was found a t Aswan (33»5°C). Mean temperatures below 
28.0°C i n t h i s season are r e g i s t e r e d i n the c o a s t a l 
region and Lower and Middle Egypt (with the exception 
of Fayum, Shakshuk and I s m a i l i a s t a t i o n s ) ( F i g . 3«^ )» 
I n autumn (October, November), the highest mean 
temperatures are recorded at Abu E l - K i z a n and Aswan and 
these are 27.2°C and 26.8°C r e s p e c t i v e l y . The lowest 
mean temperatures r e g i s t e r e d i n t h i s season are found 
i n the north-western area and some other s t a t i o n s i n 
the western Delta and Fayum a r e a s ( F i g . 3«5)« 
I n winter (December - February) temperatures 
over the sea and i n the c o a s t a l region are warm. The 
c o a s t a l region of Egypt i s mild with some rainshowers, 
- 4 4 -
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but Upper Egypt i s r a i n l e s s with warm sunny days, but 
r a t h e r cool n i g h t s (Conrad, 19*0; Soliman, 1972). The 
lowest mean temperatures i n the winter season are 
recorded a t the r e s t of the Western Desert, w h i l s t the 
highest mean temperatures are found a t Abu E l - K i z a n 
( i n the Red S e a ) , Here a value of 22.7°C i s recorded ( F i g . 3-6). 
D a i l y and monthly v a l u e s of temperatures i -
The d a i l y and monthly v a l u e s of temperatures 
are published i n the D a i l y and Monthly Weather Reports 
i s s u e d by the Meteorological Department i n C a i r o . F i g u r e s 
3.7 and 3-8 show the maximum and minimum d a i l y temperatures 
a t Alexandria and G i z a r e s p e c t i v e l y f o r the period 1962 -
1969« I t w i l l be seen that during heat waves and cold 
waves, the c r e s t s and troughs of the curve of maximum 
temperatures are n e a r l y always i n phase with the changes 
recorded i n the t r a c e of d a i l y minimum temperatures. 
Appreciable d e v i a t i o n s above the average are known a s 
"heat waves" or "hot s p e l l s " , s i m i l a r l y a p p r e c i a b l e 
d e v i a t i o n s below the normal are termed " c o l d waves". 
Heat waves or hot s p e l l s t h a t occurred i n 
Alexandria and Giz a during a period of 15 years (1960 -
1974) have been i n v e s t i g a t e d and the r e s u l t s are summar-
i z e d i n Table J.b. T h i s shows the frequency of occu r r -
ence of hot s p e l l s i n the d i f f e r e n t months of the year. 
I n t h i s t a b l e hot s p e l l s are c l a s s i f i e d i n t o 1 -
a ) Small, i n which the d e v i a t i o n of temperature 
i s between 3°C and 5°C above the mean temperature of the 
_ i+9 -
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b) Moderate, i n which the d e v i a t i o n s range between 
5°C and 8°C above the mean temperature of the previous 
day. 
c ) Severe, i n which d e v i a t i o n s exceed 8°C above 
the mean temperature of the previous day. 
I t w i l l be seen from Table 3.b and Figure 3.9 
tha t :-
1) Spring, e s p e c i a l l y , A p r i l and May, i s the 
period i n which the frequency and the s e v e r i t y of hot 
s p e l l s i n Alexandria and G i z a i s g r e a t e s t . 
2) J u l y , August and September are the months of 
lowest frequency of hot s p e l l s i n s p i t e of t h e i r high 
average temperatures, showing r e l a t i v e l y much lower 
temperature v a r i a t i o n s . 
3) The frequency of hot s p e l l s i n c r e a s e s once 
more i n autumn (October and November), e s p e c i a l l y i n 
i 
October when the number of occurrences e x h i b i t a second 
peak, though t h i s i s much lower than the spring peak. 
4) I n winter d e f i n i t e warm s p e l l s occur with 
t h e i r frequency i n c r e a s i n g from December to February. 
3.2 - E a r t h temperatures i n Egypt i -
Observations of ea r t h temperatures down to a 
depth of two or three metres have been made a t v a r i o u s 
times and p l a c e s i n Egypt by s t a f f of the P h y s i c a l 
Department a t the M i n i s t r y of I r r i g a t i o n i n C a i r o , but 
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few of these r e s u l t s have been published, apart from 
the monthly means included i n the Annual Meteorological 
Reports. E a r t h temperatures are of considerable import-
ance i n connection with a g r i c u l t u r e . They e f f e c t seed 
germination; plant growth and root development (Budyko, 
197*h T a y l o r , 197^; Arnon, 1972). 
Annual v a r i a t i o n s i -
The monthly mean e a r t h temperatures were observed 
a t four s t a t i o n s } 3 i n the Delta region and one a t the 
o a s i s of Kharga. The maximum temperature v a l u e s decrease 
with depth from 0.3 cm to 3 metres f o r a l l the s t a t i o n s . 
I n c o n t r a s t the minimum temperature v a l u e s i n c r e a s e with 
depth. T h i s means t h a t the temperature range decreases 
markedly with depth. I t i s noticed that the highest 
range ( i . e . between the highest and lowest maximum and 
the highest and lowest minimum) occurred a t the Giz a and 
Kharga s t a t i o n s , w h i l s t lowest ranges are recorded a t 
E l - K a s e r and T h a r i r s t a t i o n s (Table 3»c). 
V a r i a b i l i t y of monthly mean e a r t h temperature i -
The extent to which the extreme eart h temperatures 
may vary from month to month can be seen from T a b l e s 3«d 
and J.e, which give the extreme s o i l temperature v a l u e s 
f o r each month a t Giz a during the f i v e y e a r s (1956 - 1960). 
The e a r t h temperatures a t t h i s s t a t i o n are a f f e c t e d by 
v a r i a t i o n s i n the l e v e l of s u b s o i l water (Sutton, 19^6). 










































































































































































































































f i e l d s i n the G i z a a r e a during January (the month with 
the c o l d e s t a i r temperature) and J u l y (the month with 
the h o t t e s t a i r temperature) are g e n e r a l l y s i m i l a r 
( F i g . 3-10). I t can be seen that the maximum va l u e s 
of temperature decrease with depth to 20 cm i n a dry 
f i e l d and to 50 cm i n a wet f i e l d . Below these depths 
maximum temperature v a l u e s i n c r e a s e again i n January. 
The range i n s o i l temperatures between the maximum 
and minimum va l u e s i s very c l e a r . I t i s g r e a t e s t a t the 
surface and then decreases to a minimum a t a depth of 
300 cm ( F i g . 3.10). 
The extreme maximum and minimum e a r t h temperatures 
i n dry and wet f i e l d s a t G i z a f o r the months of January 
to December i n c l u s i v e have been graphed ( F i g . 3 « H ) ' I n 
gene r a l , i t can be seen t h a t the maximum va l u e s e i t h e r 
i n dry or wet f i e l d s decreased with depth, w h i l s t the 
rev e r s e i s the case f o r the minimum v a l u e s i n both dry 
and wet f i e l d s . 
The highest v a l u e s recorded i n dry and wet f i e l d s 
are 68.0°C (June) and 53.5°C (August) r e s p e c t i v e l y a t 
0.3 cm deep. The lowest values a r e -4.0°C f o r the dry 
f i e l d and 0.5°C f o r the wet f i e l d a t a depth of 0.3 cm 
i n January (Tables 3»d and 3«e and F i g . J,11). 
Comparison between s o i l and a i r temperatures i -
The d i f f e r e n c e s between the extreme temperature 
of dry and wet s o i l a t Giz a i n January and J u l y and 
extreme a i r temperature i n the screen a t t h e i r r e s p e c t i v e 
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Fig.3 10 E X T R E M E SOIL TEMPERATURE IN DRY 
AND WET F I E L D S AT GIZA 
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Fig.311 DRY .  II 




\ 5 0 
highest extreme air 
4 5 temperature - July 
4 0 \ X 0) 










0-1 1 , r 
F I E L D 
Jan Jul 
Feb _ . _ Aug 
Mar Sept 
Apr Oct 
+ + + Nov 




2 lowest extreme air 
temperature-January 
W E T F I E L D 
Lowest Highest 5 5 
5 0 
highest extreme air 
4 5 temperature-July 
4 0 
o u 3 5 
Highest extreme air 
a> 
5 30 
£ 2 5 
1 'x \ 




I l l I 2 5 10 2 0 5 0 100 2 0 0 5 10 2 0 5 0 100 2 0 0 0-3 I 
lowest extreme air Depth (Cm) Depth (Cm) temperature-Jonuary 
E X T R E M E SOIL T E M P E R A T U R E S IN DRY AND W E T 











































J S 3 M 0 T 
e 




vn V l e O ir» o <r» m o p* 
(N 
PI 
PI en N 










p- vo P- o vs v-i V~l v . n PS ov 
«rv 
PI PJ P-l PI PI PJ rN) PI C- Ml 
vo 
PJ . 
vr» o e a m O •/•• o vn O o 
PJ « PJ rn r 1 • n PI vo p i so f-J p-p | r i -»• PJ 




















o P I 
© 
O c\ C4 O m 
m <> m GO no • n 6 m r l <N CN CN ft 
"" 
VI o O v» o <C5 »n o 




fN O V% O O 
r*- \£» r.o 00 ir\ •Ml O 
rsi cs IN (N CN 
IN O t- r» O v» O 
e> V l CO OO NO m O rt-




O o o 






§ ? in 
o 
p-6 o o ON O 6 
VO — <d* PI 











vo vo p-vo vo 





< £ 3 °-
O o 2 
E 
























H ra o m 
o 



















I ! I 
I I I I I I 
" O »n «n in ^ O O S " 13 © O -
O O ^ c o o ^ O — * t*t "t ^ m f\| — —• ~-« cs r*i r-l CM en ct «N OJ 
•n o Ci " —« v m oJ m o vo o~ 
m in ON — r ^ T j - T T — C \ p * 
""in o © © O *n «n o »n © o o 
oo r» oo © —« r i v vo w <n -fr —^  
— —^  _ «-t fN r-i r i r • <N #.-f. CN r»i c*j 
o\ in 5*i «n t> in Eri © »n oT~ 
n *> -c* vo os oi •+ >n o vo 
m »n O »n c i O © o m o " «n o 
n M « N N N N C4 CN N 
~"O «n cs m »n — O «n m o *n O -
o o\ —• ^ oo r-i *r *f n t-» r*>. — 
—. ~ , ^ . ~ , r N r ^ r v } o J — — — 
~o o ' o in o o ^ e © © © oH 
O 55 —i © m O v% O *n 
ift 0\ CM O C7\ r>l r>l CA ^ c \ 
" tn in «n «n o O "n US O *n O in 
<—< r- C\ n c-i ^ c \ 'n o 
O o «n o >n o\ o a \ w TN m w-i 
in o ^ v o o \ 0 \ v o r » i o o v o 
• 
wi io *n m © vn in ifS o >n O P*> ' 
"~0 m o O O m o ro <n O »n 
O *n ^ o m o O io~ o w» *n 
— o% «^  o vo c> <r» o> in c \ »o "o ^ o as o O O 'n ^ C7\ o o\ 
• ^ r v i T d ' o o r - i ' w o o o r - ' n o v D T r 
"o O O O »n o O O in in in o~~ 
— rt m >o r - —• O 'n ON VD 
— ^ O O »n O O O O ^ 6 i n " 
o ^ ^ v o — ' V O O o r ^ i n o v o r N 
O »n in «n w> o »n »^ v« o o o 
>- O . y 
J 2 x: ^ 5 g E P 
- 61 -
maxima and minima are shown i n Table 3«f and Figure 3.12. 
I t i s noticed t h a t i n January and Ju l y the extreme maximum 
earth temperature i s higher than the extreme maximum a i r 
temperature i n the screen by 9.3°C i n January and 21.2°C 
i n J u l y a t a depth of 0.3 cm i n dry f i e l d . 
I n general the maximum earth temperatures decrease 
w i t h an increase i n depth. This i s t r u e f o r July below 
5 cm i n depth, w h i l s t i n January the curve increases 
below 20 cm, but i s s t i l l lower than the a i r temperature. 
I t can als o be seen {Table J.f and Figure 3.12) 
t h a t the dry s o i l i s warmer than the wet s o i l . This i s 
the r e s u l t of the nature of the surface which absorbs 
more heat by day and may r a d i a t e less by n i g h t (Fukuoka, 
1969). I t i s not i c e d t h a t the extreme maximum ear t h 
temperature i s le s s than the extreme maximum a i r temp-
erature i n wet f i e l d s w i t h the exception of 0.3 cm depth 
i n J u l y . I n contrast minimum earth temperatures i n 
January and July are higher than the extreme minimum 
a i r temperatures a t a l l depths. 
3.3 - Water temperatures (River N i l e ) «-
The temperature of water i n the River N i l e was 
s y s t e m a t i c a l l y measured f i r s t a t Aswan i n 1922 i n connec-
t i o n w i t h an i n v e s t i g a t i o n dealing w i t h the expansion 
of the dam masonary (Hurst, 19^4). Observations a t t h a t 
time were weekly, but a t several r i v e r s t a t i o n s , d a i l y 
observations have been made r e g u l a r l y d u r i n g the p e r i o d 
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Department, Cairo. Such measurements were made by 
means of a thermometer f i x e d i n a bucket which was gener-
a l l y immersed t o a depth of two metres and allowed t o 
remain there f o r f i v e minutes before being withdrawn 
and read (Sutton, 1946). 
The mean r i v e r temperature values f o r each month 
are given i n Table 3«g and shown g r a p h i c a l l y i n Figure 
3.13« The values t a b u l a t e d are those f o r the temperatures 
a t 0800 h r s . which approximates the mean d a i l y water 
temperatures (1927 - 1945). 
Aswan i s p r a c t i c a l l y on the northern boundary of 
the Tropics a t the southern border of the country, while 
Asyut i s over 500 k i l o m e t r e s f u r t h e r downstream. I t was 
expected t h a t the r i v e r water would be warmer a t Aswan 
than a t Asyut throughout the year. I t w i l l , however, 
be noted t h a t while t h i s i s the case from June t o February-
i n c l u s i v e , the mean values are a c t u a l l y lower f o r Aswan 
than f o r Asyut during the months March, A p r i l and May 
( F i g . 3.13 and Table 3«g). However, these d i f f e r e n c e s 
are very small. 
The r i v e r a t Nag Hamadi, between Aswan and Asyut 
36O Km downstream of Aswan, was as expected always warmer 
than a t Asyut, except during February, March and A p r i l . 
Comparison w i t h a i r temperature 1-
The mean r i v e r temperatures d i f f e r from mean a i r 
temperatures by values which vary not only w i t h l a t i t u d e 
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0.7°C above the mean a i r temperature i n January, but 
by May, i t i s 8.3°C below the a i r temperature. I n June, 
i t i s 3.2°C and b°C below the a i r temperature a t Nag 
Hamadi and Asyut r e s p e c t i v e l y ( F i g . 3.1b and Table 3.h). 
I n Cairo, the a i r temperature i s above the mean 
water temperature d u r i n g March, A p r i l , May, June, J u l y 
and August, while the reverse i s t r u e f o r other months. 
The mean annual r i v e r temperatures are about 
4.5°C below the mean annual a i r temperatures a t Aswan. 
At Nag Hamadi and Asyut, the averages are 0.6°C and 0.9°C 
r e s p e c t i v e l y , w hile a t Cairo i s only 0.1°C (Table 3.h). 
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C H A P T E R 4 
P r e c i p i t a t i o n i n Egypt 
- 71 -
4.1 - C l i m a t o l o g i c a l aspects i -
P r e c i p i t a t i o n i n Egypt i s mainly of the showery 
type . Amounts may vary considerably from year t o year i n 
the same place and may als o differ w i dely i n two neighbouring 
l o c a l i t i e s i n the same season or year. The r a i n y season, 
l a s t i n g from October t o May, tends t o s t a r t e a r l i e r i n the 
n o r t h and west, since secondary Mediterranean a i r masses 
are most a c t i v e i n autumn, w i n t e r and sp r i n g , and g e n e r a l l y 
f o l l o w west t o east t r a c k s . The dry season i s almost t o t a l l y 
r a i n l e s s . Though occasional showers may f a l l over the 
Mediterranean c o a s t a l r e g i o n i n June or September, i t i s 
extremely r a r e f o r p r e c i p i t a t i o n t o occur during J u l y and 
August. 
4.2 - Mean annual r a i n f a l l :-
The d i s t r i b u t i o n of annual r a i n f a l l over the country 
appears t o be f a i r l y simple. The r a i n i e s t p a r t i s the 
Mediterranean c o a s t a l r e g i o n . Southwards, the mean t o t a l 
amount of r a i n decreases g r a d u a l l y u n t i l Cairo, a f t e r which 
the g r a d i e n t s steepen r a p i d l y . The extreme south of the 
country i s almost r a i n l e s s ( F i g . 4.1). This p a t t e r n i s 
explained by the f a c t t h a t most p r e c i p i t a t i o n i s associated 
w i t h upper cold troughs which only e f f e c t Lower Egypt, 
p a r t i c u l a r l y the co a s t a l areas. The uneven d i s t r i b u t i o n 
along the coast i s explained by the coast l i n e c o n f i g u r a t i o n . 
A decrease from 180 mm/year a t Alexandria t o only 80 mm/year a t 
Port Said i s very s t r i k i n g (Soliman, 1953B;Naguib, 1970). 
R a i n f a l l , however, decreases r a p i d l y w i t h increasing distance 
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from the coast, averaging l i t t l e over 50 mm/year i n the 
middle of the D e l t a . I n the D e l t a and the N i l e V a l l e y , 
where c u l t i v a t i o n i s by i r r i g a t i o n , r a i n i s of l i t t l e 
economic importance. I n the semi-desert s t r i p west of 
A l e x a n d r i a i t averages 125-150 mm/year. T h i s comparatively 
s m a l l amount has considerable economic value a s p r a c t i c a l l y 
a l l of i t f a l l s w i t h i n the s i x month period from October to 
March. I n a year of f a i r l y good r a i n s , the Bedouin are able 
t o s u s t a i n themselves and t h e i r f l o c k s on the crops, c h i e f l y 
b a r l e y , which they r a i s e (UNDP / PAO, 1970). 
4.3 - Seasonal r a i n f a l l c o n d i t i o n s i -
The c o n t r a s t i n g and changing monthly r a i n f a l l con-
d i t i o n s c l e a r l y i n d i c a t e an a l t e r n a t i o n between wet and 
dry seasons, but both the i n t e n s i t y and duration of pre-
c i p i t a t i o n v a r i e s from one p l a c e to another even i n such 
a l i m i t e d a r e a as Egypt. Regional v a r i a t i o n s i n seasonal 
r a i n f a l l c o n d i t i o n s are shown i n F i g u r e s 4.2 - 4.5, w h i l s t 
the seasonal diagrams are presented i n Figure 4.6. 
Winter r a i n s occur between December and February, 
and are h e a v i e s t on the Mediterranean c o a s t . They r e s u l t 
from secondary Mediterranean depressions, which t r a v e r s e 
the Mediterranean from west t o e a s t and are r a i n b e a r i n g 
a t l e a s t over the northern c o a s t . Upper Egypt i s p r a c t i c a l l y 
r a i n l e s s with warm sunny days, but r a t h e r cool n i g h t s (see 
Conrad, 1943; B i e l , 1944; Naguib, 1970; Soliman, 1972). 
The average winter r a i n f a l l i s about 80 mm over 
the western c o a s t a l s t a t i o n s with the exception of Sallum 
s t a t i o n . Over 130 mm of p r e c i p i t a t i o n occurs a t Alexandria 
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and Kon El-Nadura s t a t i o n s , whereas on the e a s t e r n p a r t 
of the Mediterranean coast the winter r a i n f a l l v a l u e s f a l l 
t o l e s s than 80 ram ( F i g s . k.Z and 4.6). The amount of 
r a i n f a l l decreases southwards to about 15 mm i n C a i r o , 
and to 4 mm a t Minya i n Middle Egypt. 
I n spring and autumn ( t r a n s i t i o n a l s e a s o n s ) , r a i n 
f a l l s over the c o a s t a l region i n s i t u a t i o n s a s s o c i a t e d with 
secondary Mediterranean depressions and i n s t a b i l i t y i n the 
upper troposphere. The r o l e played by the Mediterranean 
water mass i n these seasons i n producing i n s t a b i l i t y and 
supplying moisture to cold a i r masses i s obviously l e s s 
pronounced than i n win t e r . Many of the showers i n these 
seasons o r i g i n a t e from unstable mid-troposphere clouds. 
T h i s f a c t e x p l a i n s why some showers are c h a r a c t e r i z e d by 
very l a r g e water drops, which are a c t u a l l y melted h a i l . 
Some of the thunder clouds do not give more than a b e a u t i f u l 
d i s p l a y of l i g h t i n g t h a t continues f o r many hours and, 
perhaps, a few s c a t t e r e d l a r g e r a i n drops (Naguib, 1970; 
Soliman, 1972). Naguib (1970) s t a t e d t h a t " I t i s n o t i c e d 
t h a t r a i n f a l l s i n the t r a n s i t i o n a l seasons ( s p r i n g and 
autumn) g e n e r a l l y i n the afternoon. T h i s i s due to the 
f a c t t h a t the l a t e n t i n s t a b i l i t y of the a i r cannot be 
r e l e a s e d u n t i l the time of maximum temperature i s reached. 
However r a i n may occur i n the morning but i n such ca s e s 
i t does not stay long." P. 215. 
Spring r a i n f a l l i n Egypt occurs between March and 
May and i t i s h e a v i e s t over the c o a s t a l and D e l t a r e g i o n s 
( F i g . 4.3). I t can a l s o be seen t h a t the p r e c i p i t a t i o n 
i n s p r i n g i s much hea v i e r even than i n the winter season 
- 76 -
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over some s t a t i o n s i n Upper Egypt, f o r example a t Luxor 
and Aswan s t a t i o n s ( F i g . 4.6). 
Autumn p r e c i p i t a t i o n i s s i m i l a r t o t h a t i n s p r i n g , 
f o r autumn i s another t r a n s i t i o n a l season. I t i s n o t i c e d 
t h a t the g r e a t e s t amount of r a i n f a l l i n autumn occurs a t 
Qena, Qusier and Abu E l - K i z a n . At tte Komombo s t a t i o n , 
p r e c i p i t a t i o n only occurs during Autumn ( F i g u r e s 4.4 and 
4.6). 
Rain i n the "dry" season (June - September) i s a 
very r a r e phenomenon, since the country l i e s under the 
s u b t r o p i c a l high pressure b e l t where subsidence prevents 
the formation of convective clouds. T h i s season i s dry and 
r a i n l e s s ( F i g s . 4.5 and 4.6), with c l e a r s k i e s , except f o r 
some c o a s t a l f a i r weather cumulus or e a r l y morning s t r a t u s 
clouds which form over Lower Egypt and disappear a few 
hours a f t e r sunrise= I n summer depressions cease t o move 
a c r o s s Egypt and weather becomes s e t t l e d . 
4.4 - Monthly and d a i l y r a i n f a l l c o n d i t i o n s i -
The months of June, J u l y , August and September 
are i n v a r i a b l y dry. months f o r the whole country. A l l 
Egypt i s dry except f o r a l i t t l e r a i n i n the c o a s t a l r e g i o n. 
Nowhere does the amount r e c e i v e d , during each of these months 
r i s e above Jfa l e v e l of the annual r a i n f a l l . October i s the 
f i r s t month th a t can be considered as a wet or r a i n y month. 
By the end of October the whole Mediterranean c o a s t a l r e g i on 
has r e c e i v e d a t l e a s t 10$ of i t s annual p r e c i p i t a t i o n . Some 
r a i n s a r e experienced over the D e l t a region, but the amount 
- 7 9 -
a 
I ] 8 ! ! ! 




mm i i > 
-
1 f 









::: 111! I : • 
: • 
; i ; : i :::::: 
: 






S E A S O N A L R A I N F A L L 1 9 3 1 - 1 9 6 0 F i g . 4 . 6 
i l k 
Sidi Barroni 






E l A r i i h . 
Domonhour 
W S p S A 
Z a g a Z i g 
JILdl JD 
M i l l i m e t r e s 
140-' Ismal io 
Fayum 
i j j 
Asyut 
W S p S A 
Komombo 
Mersa Moiruh Oobaa . 
• J 
E d F ino 
..jj BLnji J L D _ J J llLuwd J L I L J 
S a k h a 
Wide E l Nalrum G t m m s i z o 
j.diurf JLm—JI J . J L _ J JjUjr J L . 
W S p S A 
W WINTER 
S p SPRING 
S SUMMER 
A AUTUMN 
W S p S A 
JL_JU JU LJD 
Ezbekia Gizo 
W S p S A 








W S p S A 
W WINTER 
S p SPRING 
S SUMMER 
A AUTUMN 




W S p S A 
- i a _ 
W S p S A 
| TOTAL P E R C E N T A G E 
.Kom E l Nodura . loo 
L Ja; 20 
^Dekheilo ^ e i a n d n a ^ ^ i i e t t a Damia l to ^ Por t S o l d | 0 0 
E l Mansoura 
S h a b i n E l Kom 
100 
80 





W S p S A 
F a y e d 




































W S p S A 
Aswan (00 
- 81 -
r e c e i v e d does not reach even 5$ of the D e l t a ' s annual 
r a i n f a l l . During November, December, January, February 
and March, the r a i n y zone advanced very q u i c k l y to cover 
the whole c o a s t a l r e g i on and most of the D e l t a , though 
not the southern p a r t of the country. The c o a s t a l r e g i on 
r e c e i v e s high amounts of r a i n f a l l during t h i s p eriod. A l l 
the country north of l a t i t u d e 29° N r e c e i v e s a t l e a s t 70% 
of i t s annual r a i n f a l l during these months ( F i g s . 4.2 and 
4.6). 
The mean number of r a i n days (0.1 mm or more) i n 
Alex a n d r i a , Tanta and Minya are given (Table 4.a). I t can 
be seen t h a t the l a r g e s t number of r a i n y days on the 
northern coast occurs i n December and January. For 
Alexandria the number of r a i n days i n December and January 
are 10.4 and 10.3 r e s p e c t i v e l y . At Tanta, they are 4.0 and 
4.1, w h i l s t a t Minya the mean number of r a i n y days i n 
December and January are 0.5 and 0.2 r e s p e c t i v e l y . 
A study of r a i n f a l l during s i n g l e 24 h r . periods 
shows t h a t the l a r g e s t amounts f a l l i n December and January 
(Table 4.b). The g r e a t e s t amount of r a i n f a l l recorded a t 
Alexandria was 4?.9 mm which occurred on 10.1.1957. At 
Tanta and Giza the highest amounts were 39.0 mm and 53.2 mm 
r e s p e c t i v e l y and these f e l l on 27.10.1937. At Minya and 
Aswan, the t o t a l amounts of r a i n f a l l are very low i n 
comparison with other s t a t i o n s . However, the highest 
amount of r a i n f a l l recorded a t Minya was 10.2 mm on 19.4.1948 
and a t Aswan was 5«5 mm r e g i s t e r e d on 10.5.1935 (Table 4.b). 
I t i s no t i c e d t h a t the l a r g e s t amounts of d a i l y r a i n f a l l 
i n the i n l a n d l o c a l i t i e s g e n e r a l l y occur i n the t r a n s i t i o n a l 
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Table 4.a 
Mean Number of Rainy Days ( ^ 0.1mm)at 
Alexan d r i a , Tanta and Minya 
^ v P l a c e 
M o n t n V 
Alexandria 
(1942-1960) Tanta (1931-1960) Minya (1942-1960) 
January 10.3 4.1 0.2 
February 6.8 3.0 0.4 
March 6.0 2.3 0.3 
A p r i l 1.7 0.8 0.1 
May 1.2 0.6 0.3 
June 0.1 0.0 0.0 
J u l y 0.0 0.0 0.0 
August 0.1 0.0 0.0 
September 0.2 0.0 0.0 
October 3.0 0.7 0.3 
November 7.4 2.0 0.1 
December 10.4 4.0 0.5 
T o t a l 47.2 17.5 2.2 
Source r- C l i m a t o l o g i c a l normals for United Arab Republic 
up to 1960, C a i r o , Egypt, 1968. 
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seasons and not i n the r a i n y season i-
4.5 - The v a r i a b i l i t y of r a i n f a l l over Egypt i -
The following pages present a s e l e c t i o n of the 
s t a t i s t i c a l methods which are s u i t a b l e f o r estimating 
r a i n f a l l v a r i a b i l i t y (see for example, Gregory, 1968; 
Conrad and P o l l a k , 1950? S p i e g e l , 1961, Hammond and 
McCullagh, 1974» Cole and King, 19701 S t r i n g e r , 1972; 
Dennett et a l . , 1978). A l l these methods have been used 
i n the computer a n a l y s i s . 
1. The Median 1 -
Where L-^  = Lower c l a s s boundary of the median c l a s s . 
N = Number of items i n the data. 
(£F)T = Sum of frequencies of a l l c l a s s lower than 
The median i s given by 1 -
1 1 Median F median 
the median c l a s s . 
C = S i z e of median c l a s s i n t e r v a l . 
F median = Frequency of median c l a s s . 
2. The Mode 1 
The mode can be obtained from the formula 1 -
Mode = 
A l + A 2 
A 1 
Where L Lower c l a s s boundary of modal c l a s s . 
^ 1 E x c e s s of modal frequency over frequency of 
next lower c l a s s . 
A 2 E x c e s s of modal frequency over frequency of 
next higher c l a s s . 
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c = S i z e of modal c l a s s i n t e r v a l . 
3. The a r i t h m e t i c mean 1 -
The mean may be expressed a s 1 -
n 
x x + x 2 + x + x n _ X> _ I X 
x " N N " N 
Where£x = The t o t a l fiequency. 
N = The t o t a l number of c a s e s . 
4. The standard d e v i a t i o n 1 -
The formula f o r standard d e v i a t i o n i s 1 -
2 
V ^ x * - ( S x j _ V " p 7 ^ 
5 - N V N y " x " x 
_2 
Where x denotes the mean of the squares of the 
• 2 
v a r i o u s v a l u e s of x, while x denotes the square 
of the mean of the v a r i o u s v a l u e s of x. 
5. The c o e f f i c i e n t of v a r i a t i o n 1 -
The c o e f f i c i e n t of v a r i a t i o n can be c a l c u l a t e d 
from the f o l l o w i n g formula 1 -
V = -|- x 100 
Where S = Standard d e v i a t i o n , 
x = A r i t h m e t i c mean. 
The standard d e v i a t i o n and the c o e f f i c e n t of 
v a r i a t i o n are the maiii s t a t i s t i c a l methods used, while the 
range of v a r i a b i l i t y and the d i s p e r s i o n diagrams a r e included 
t o provide supporting evidence. The simpler parameter of 
r e l a t i v e v a r i a b i l i t y i s not used because, as Gregory (1968) 
has s t a t e d 1 -
- 86 -
" . . . . i t i s the c o e f f i c i e n t of v a r i a t i o n which i s 
mathematically the most c o r r e c t and which t h e r e f o r e has 
the g r e a t e s t p o t e n t i a l value f o r a s s e s s i n g yet f u r t h e r 
the c h a r a c t e r i s t i c s of data under review ...."P. 40 
The standard d e v i a t i o n and c o e f f i c i e n t of 
v a r i a t i o n of monthly r a i n f a l l i n d i c a t e the v a r i a b i l i t y 
p a t t e r n , while the range of v a r i a b i l i t y shows the upper 
and lower l i m i t s of expected r a i n f a l l . The r e s u l t s of 
these a n a l y s e s are shown i n Table 4.c. These are f o r a 
monthly r a i n f a l l data f o r a 62 year period i n Alexandria 
and Port S a i d , 46 year period f o r Helwan and a JO year 
period f o r the Siwa o a s i s are i l l u s t r a t e d ( F i g s . 4.7 and 
4.8). 
A - The v a r i a b i l i t y of monthly and d a i l y r a i n f a l l »-
One of the c h a r a c t e r i s t i c f e a t u r e s of p r e c i p i t a t i o n 
amounts i n Egypt i s the high monthly v a r i a b i l i t y ( F i g s . 4.7 
and 4.8). S t a t i s t i c a l methods a v a i l a b l e f o r measuring 
such monthly v a r i a b i l i t y are a p p l i e d to.the 62 y e a r s of 
monthly data (1886-1947) f o r Alexandria and Port S a i d , 
the 46 y e a r s of monthly data (1904-1949) f o r Helwan, and 
the 30 y e a r s of monthly data (1920-1949) f o r the Siwa 
o a s i s . The data f o r the s e l e c t e d four s t a t i o n s are 
graphed ( F i g s . 4.7 and 4.8). I t can be seen that very 
marked changes occur from month to month. A study of 
the s t a t i s t i c a l methods a v a i l a b l e f o r measuring monthly 
p r e c i p i t a t i o n v a r i a b i l i t y f o r s e l e c t e d s t a t i o n s i n d i c a t e 
t h a t the months with the highest mean r a i n f a l l show the 
g r e a t e s t v a r i a n c e s and standard d e v i a t i o n s . T h i s i s 
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very clear i n November, December, January, February and 
March at Alexandria and Port Said, and i n December, May 
and February at the Siwa and Helwan stations. The lowest 
mean monthly r a i n f a l l data show the lowest amount of 
variance, median and standard deviation. This i s seen 
fo r instance during May at the Alexandria and Port Said 
stations (Table *J-.c). 
I n order t o compare the r e l a t i v e amounts of 
p r e c i p i t a t i o n which f a l l i n d i f f e r e n t class int e r v a l s a 
frequency table using the monthly p r e c i p i t a t i o n data was 
prepared (Table **.d). From t h i s table, the following 
conclusions can be drawn i -
1. November, December and January are the three 
months when the highest frequency values are recorded i n 
the highest class i n t e r v a l s of p r e c i p i t a t i o n , especially 
at the coastal stations (Alexandria and Port Said). The 
highest p r e c i p i t a t i o n values occurred at Helwan i n May 
and at Siwa i n May and December (Table ^.d ). 
2. June, July, August and September are four 
months with very l i t t l e p r e c i p i t a t i o n at the four stations 
(Table 4.d). 
Rainy periods of three to four days are common 
especially i n the coastal region and the middle of the 
Delta. Longer periods, however, are rare, especially i n 
the southern parts of the country (Figs. *K9 and ^.10). 
I t i s noticed that p r e c i p i t a t i o n varies considerably 
between the Alexandria, Sallum and Port Said stations. 
The s t r i p i n which Alexandria l i e s faces i n t o the NW 
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Figure 4.d 
Frequency of Monthly P r e c i p i t a t i o n Amounts Equalled 
or Exceeded at Selected Stations i n Egypt 
Alexandria (62 years 1 
•^NJSJonth 
AmountV^ J F M A M J J A s 0 N D 
13Qnm 1 0 0 0 0 0 0 0 0 0 1 2 
120 1 0 0 0 0 0 0 0 0 0 0 3 
110 4 0 0 0 0 0 0 0 0 0 1 4 
100 1 0 0 0 0 0 0 0 0 0 0 3 
90 4 0 0 0 0 0 0 0 0 0 2 5 
80 6 1 0 0 0 0 0 0 0 0 1 4 
70 7 0 0 0 0 0 0 0 0 0 4 5 
60 4 2 2 1 0 0 0 0 0 1 7 3 
50 4 9 
i 
0 0 0 0 0 0 0 0 5 6 
40 6 10 2 0 0 0 0 0 0 0 5 5 
30 8 10 3 0 0 0 0 0 0 5 13 13 
20 8 15 17 3 3 0 0 1- 2 5 7 5 
10 8 15 29 32 19 2 0 1 7 20 14 3 
0 0 0 9 26 40 60 62 60 53 31 2 1 
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Figure *t.d Continued 
Port Said (62 years) 
\ i v i o n t n 
AmounvX^ J F M A M J J A s 0 N D 
130mm 0 0 0 0 0 0 0 0 0 0 0 0 
120 0 0 0 0 0 0 0 0 0 0 0 0 
110 0 0 0 0 0 0 0 0 0 0 0 0 
100 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 1 1 
60 2 1 0 0 0 0 0 0 0 0 1 2 
50 0 1 1 0 0 0 0 0 0 2 2 
40 3 . 1 2 2 1 0 0 0 1 1 1 
30 11 7 5 1 1 0 0 0 0 1 2 11 
20 19 13 11 7 1 0 0 0 0 16 17 
10 21 31 32 23 22 3 0 0 2 17 28 23 
0 2 
, 6 I 
12 28 36 58 62 62 60 39 11 5 
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Figure 4.d Continued 
Helwan (46 years) 
^vMonth 
AmounVs.^ J F M A M J J A s 0 N D 
90mm 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 1 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 1 0 0 0 0 0 0 1 1 
40 1 0 0 1 0 0 0 0 0 0 0 0 
30 2 2 3 0 0 0 0 0 0 1 0 3 
20 7 2 4 2 3 0 0 0 0 1 3 
10 24 29 17 8 4 1 0 0 0 8 22 24 
0 12 13 22 3^ 38 *5 46 46 46 36 19 15 
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Figure 4.d Continued 
Siwa (30 years) 
^v^Month 
AmounxSsNs J F M A M J J A s 0 N D 
90mm 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
• 
1 0 0 0 0 0 0 1 
30 . 0 2 0 0 0 0 0 0 0 0 0 1 
20 1 0 1 0 0 0 0 0 0 0 0 0 
10 5 6 9 2 0 0 0 0 0 7 6 
0 2h zh 23 21 27 30 30 30 30 30 23 22 
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moist currents and thus receives maximum amounts of 
r a i n f a l l , whereas Port Said and Sallum are located where 
the coastline runs p r a c t i c a l l y p a r r a l l e l to these currents 
and, therefore, get minimum amounts of r a i n f a l l . The 
d a i l y amounts of r a i n decrease southwards u n t i l Giza and 
then continue decreasing more rap i d l y as shown from 
selected stations (Fig. *J-.10). The rainy season l a s t s 
from October to May and tends to s t a r t e a r l i e r i n the 
north than i n the south, since the secondary Mediterranean 
depressions are most active i n winter and the t r a n s i t i o n a l 
seasons and follow west to east tracks i n general. 
B - Probability of a day with p r e c i p i t a t i o n i -
The r a t i o of the number ( r ) of days with p r e c i p i t -
a t i o n to the t o t a l number (n) of days i n the period i n 
question (month, season, year) expressed as a f r a c t i o n 
or as a percentages i s termed the p r o b a b i l i t y (P) of a 
day with p r e c i p i t a t i o n :-
P = - I T - = 1 00-^ percentage n n 
For example, Alexandria has 10.3 days with 
p r e c i p i t a t i o n i n January as an average over a ten year 
period, therefore :-
P = 100 x = 33.2% 
The number of days with p r e c i p i t a t i o n at 
Alexandria, Tanta and Minya are shown i n Table ^.e. The 
percentage p r o b a b i l i t y of receiving r a i n f a l l on any one 
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Tanta, whereas at Minya the highest number of days with 
p r e c i p i t a t i o n i s recorded during February and December. 
I t i s also noticed that the t o t a l number of days with 
p r e c i p i t a t i o n and the p r o b a b i l i t y (P) of a day recording 
p r e c i p i t a t i o n are high at Alexandria and decrease southwards 
i n an inland d i r e c t i o n . 
4.6 - Correlation c o e f f i c i e n t s analysis :-
R a i n f a l l over Egypt, as everywhere else, i s the 
outcome of a combination of several factors. Here an 
attempt i s made to analyse s t a t i s t i c a l l y the causal 
relationships between the r a i n f a l l and three of these 
factors. 
The work i s based on average data f o r a period 
of t h i r t y years, extending between 1931 and 1960. The 
present attempt follows the approch of Gregory (1965) f o r 
Sierra Leone; El-Tom (1966 and 1969) f o r the Sudan and 
Johnson (1971) f o r Nigeria. 
The three factors under consideration are 1-
1. Latitude (° N). 
2. Longitude (° E). 
3. Elevation of the ground i n metres (Ha). 
These three factors are similar to the ones used 
by Gregory (1965); El-Tom (1966 and 1969) and Johnson (1971) 
I t i s thought that these factors may be suitable f o r Egypt, 
especially since no other factor seems to be of greater 
influence on the d i s t r i b u t i o n of r a i n f a l l over the country. 
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Some indication of the relationships between r a i n -
f a l l and each of these factors can be obtained by calculating 
the product moment correlation c o e f f i c i e n t s using the 
formula i -
r = NlXY -(EX) (lY) = N1XY - XY 
V(NiX 2 - (£X)2) (N1Y 2"T7£Y) 2) 
Where X i s the mean r a i n f a l l and Y i s the factor 
under consideration (Spiegel, 1961, p. 2*1-5) • These c o r r e l -
a t i o n c o e f f i c i e n t s are shown i n Table 4.f. A significance 
t e s t has been carried out to f i n d whether the corre l a t i o n 
c o e f f i c i e n t s obtained are due to chance or whether they 
express the r e a l relationships between mean r a i n f a l l and 
each of these factors. For the annual conditions r a i n f a l l 
has the highest correlation c o e f f i c i e n t with factor A 
(Latitude °N). This correlation c o e f f i c i e n t i s O.669. I n 
spat i a l terms, t h i s indicates that i n Egypt the annual 
r a i n f a l l i s p o s i t i v e l y correlated t o a high degree with 
the l a t i t u d e north of the Equator. This corr e l a t i o n 
c o e f f i c i e n t i s s t a t i s t i c a l l y s i g n i f i c a n t at the 1% l e v e l . 
Factor A (Latitude °N) seems to be succeeded i n importance 
by factor B (Longitude °E). This l a t t e r factor, which 
produces a corre l a t i o n c o e f f i c i e n t of -0.^20 against r a i n -
f a l l reveals a negative r e l a t i o n s h i p . This indicates that 
the r a i n f a l l decreases as longitude increases eastwards. 
This c o r r e l a t i o n is also s i g n i f i c a n t at the 1% l e v e l . The. 
elevation factor shows a negative cor r e l a t i o n with annual 
r a i n f a l l of -O.308 and i t i s found to be s i g n i f i c a n t at 
the 5% l e v e l (Table ^ . f ) . 
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The highest monthly correlation c o e f f i c i e n t s between 
the r a i n f a l l and factor A (Latitude °N) are 0.715 and 0.712. 
These are experienced during March and May respectively. 
The lowest monthly corr e l a t i o n c o e f f i c i e n t i s -0.047 and 
i s recorded during June for the longitude factor (Table 4 . f ) . 
I t can also be seen that October and November have moderately 
high negative corr e l a t i o n c o e f f i c i e n t s between mean monthly 
r a i n f a l l and factor B (the longitude f a c t o r ) . These are 
-0.535 and -0.481 respectively for October and November. 
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Evapotranspiration i n Egypt 
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5.1 - Introduction :-
I t i s often necessary to make a d i s t i n c t i o n between 
the terms "evapotranspiration" and "evaporation". Evapo-
tr a n s p i r a t i o n i s the name given to the combination of two 
physically similar processes i.e. evaporation and trans-
p i r a t i o n . Evaporation i s the conversion of water i n l i q u i d 
form t o vapour from water and s o i l surfaces. Transpiration 
i s defined as evaporation from plant surfaces. (For more 
d e t a i l s , see Penman, 19^8 and 1956; Tanner, 1967s Morton, 
1968s Pegg, 1972; Ward, 1971? Mather, 1974). 
Evapotranspiration i s a complex process, hence i t 
i s extremely d i f f i c u l t t o measure or estimate t h i s para-
meter. In f a c t , the process of evapotranspiration consists 
of several d i s t i n c t components which for climatological 
purposes, at least are regarded as one. 
As Thornthwaite and Hare (1965, p.163) have pointed 
out, evapotranspiration involves four d i s t i n c t processes 
a) The movement of water w i t h i n the s o i l either 
towards the surface of the ground or into the zone of 
absorption around the roots of the vegetation. 
b) Transpiration; the movement of water i n t o the 
roots and from there through the plants to the leaf surfaces. 
c) The vaporisation of the water at the surface 
of the s o i l or on the stomata of the plants or on the 
outer plant surfaces (intercepted water). 
d) The removal and transport of the evaporated 
water i n t o the atmosphere (The aerodynamic si n k ) . 
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From the foregoing, i t i s apparent that the rate 
of evapotranspiration i s subject to two major controls. 
These are 
1. The a v a i l a b i l i t y of moisture at the evaporating 
surface and 
2. The a b i l i t y of the atmosphere to vaporise the 
water and remove the vapour. 
I t i s the l a t t e r control which has been exploited 
i n the derivation of the various formulae aimed at estimating 
the rates of evapotranspiration from meteorological data 
(Ward, 1971; Johnson, 1971). 
Potential evapotranspiration i s an important 
agroclimatic factor. I t i s defined as "combined loss of 
water by evaporation from water surfaces and s o i l , and 
tran s p i r a t i o n by vegetation under conditions of unlimited 
or p l e n t i f u l water supply" (Thornthwaite, 19^8, p. 56). 
The classic d e f i n i t i o n of pot e n t i a l evapotranspiration 
was provided by Penman (1956), who considered i t as 
"....evaporation from an extended surface of short green 
crops, a c t i v e l y growing, completely shading the ground, 
of uniform height and not short of water". By t h i s 
d e f i n i t i o n and the previous one, the effect of s o i l and 
plant factors on evapotranspiration are removed and 
climatic factors are considered t o be the only variables 
upon which evapotranspiration depends (See, Veihmeyer and 
Hendrickson, 1955; Thornthwaite and Mather, 1955; Pierce, 
1958; Omar, 1973; Shahlaee, 1976). I t s accurate determin-
ation i s of special importance i n a r i d areas where e f f o r t s 
are made t o u t i l i z e the l i t t l e water available i n the most 
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economic way. Unfortunately there are few accurate measure-
ments of t h i s element i n a r i d areas. A major problem i n 
the measurement of po t e n t i a l evapotranspiration i n a r i d 
regions i s the requirement of a large i r r i g a t e d area, 
of not less than 1-2 feddans (0.42-0.8^ ha), i n order to 
minimize advection e f f e c t s . Because p o t e n t i a l evapotrans-
p i r a t i o n i s d i f f i c u l t to measure, use has been made of 
various formulae which have been devised for i t s estimation 
from routine meteorological observations. As these formulae 
are, p a r t l y at least, of empirical nature, i t i s important 
to compare estimations by them with accurate measurements 
of evapotranspiration. 
5.2 - Measurement of evapotranspiration t -
The methods of estimating evapotranspiration may 
be divided int o three main groups »-
1. Theoretical methods. 
2. Empirical methods. 
3. Water balance methods. 
These methods have been studied i n d e t a i l by 
Penman (19^8 and 1956); Morton (1968); Pegg (1972); Ward 
(1971) ; Thornthwaite ( 1 9 W ; Thornthwaite and Hare (1965); 
Edwards (1966); Johnson (1971); Omar (1973); Omar and 
Bakry (1970); Shahlaee (1976) and others. The summary 
of t h e i r studies w i l l be discussed i n the following 
paragraphs. 
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1) - Theoretical methods of estimating evapotranspiration 
These methods are divided into two sub-groupst 
aerodynamic methods and energy balance methods. The 
f i r s t of these i s self-contained, while the second depends 
on some of the principles of the f i r s t . 
Aerodynamic methods i -
a) Eddy correlation :-
The instrument f o r measuring addies and t h e i r 
c h aracteristics, i.e. temperature, humidity and v e r t i c a l 
wind v e l o c i t y , i s called an evapotron. This instrument 
measures fluctuations i n the temperature, humidity and 
wind v e l o c i t y of minute eddies. This information may be 
fed d i r e c t l y into a computer and an output of net upward 
movement of water vapour for the evaporating surface 
obtained (Ward, 1971). 
b) P r o f i l e method i -
I n t h i s method the v e r t i c a l f l u x densities of 
water vapour, sensible heat and momentum (shearing stress) 
are represented by a one dimensional form of a general 
steady state equation, which has been studied i n d e t a i l 
by Ferreira and Peixoto (1970) and Shahlaee (1976). 
The energy budget method i -
The Mcllroy's energy budget equation (Slatyer and 
Mcllroy, 1961) may be w r i t t e n as :-
E 1 = S - f l ( R n " G> + C p P P ( V Da 
- I l l -
Where El = Change i n energy storage. 
0^ = Specific humidity at constant pressure. 
D_ = Wet-bulb depression (=T - T ) at a height a. 
£L a. W 
F(U_) = Function of wind speed at height a. 
EL 
P = A i r density. 
Rn = Net ra d i a t i o n expressed i n equivalent mm/day 
of evaporation. 
S = The slope of the saturation specific humidity 
curve at a temperature that equals the average 
of the wet-bulb temperature at the reference 
height and the water-surface temperature. 
if - The psychrometric constant i n terms of specific 
humidity. 
This method was applied with success t o the measure 
ments of evaporation by Slatyer and Mcllory (1961) and Omar 
(1970). 
2) - Empirical methods \-
Various empirical formulae have been suggested 
f o r the prediction of evapotranspiration. The development 
of these equations has been based on the c o r r e l a t i o n of 
evapotranspiration with one or more climatic factors, and 
the degree of empiricism of the formulae varies depending 
on the number of factors considered and the s i m p l i f y i n g 
assumptions made. The climatic factors which are mostly 
adopted as variables are rad i a t i o n (solar and n e t ) , mean 
temperature, humidity and wind (Tanner, 1967; Slatyer and 
Mcllory, 1961; Shahlaee, 1976). Some of the empirical 
methods are discussed i n the following paragraphs 1-
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DaIton formula :-
This i s the oldest aerodynamic formula and i s "based 
on an empirical equation of the form :-
E = F <UB) ( e s - e z) 
Where E = The evaporation i n mm/day. 
F(U_) = Function of wind speed at height z. 
Li 
e = Saturated vapour pressure at the water surface in mb. 
s 
e = Vapour pressure at the height z i n mb. 
Clearly t h i s formula gives values f o r p o t e n t i a l 
evaporation or evapotranspiration, since the vapour pressure 
at the water surface i s assumed to be saturated. The wind 
speed function i s commonly given i n the form of F (U) = 
(a + bu) or F(U) = bu, where a and b are constants. 
Evapotranspiration by the Prescott equation (E ) :-
Th i r t y years ago Prescott was convinced of the 
importance of evaporation i n a g r i c u l t u r a l studies i n which 
he was involved. I n order to supplement the rather sparse 
network of Australian standard evaporimeter he found i t 
necessary to f a l l back on values of tank evaporation 
estimated from other parameter. Whilst appreciating the 
many factors involved i n evaporation, he proposed, and 
used, an empirical relationship (Prescott and Thomas, 19^8-
E w = 21.2 ( e a - e d) mm/day 
Where E w i s estimated evaporation, and ( e a - e^) i s the 
saturation vapour pressure d e f i c i t of the atmosphere i n 
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inches of mercury, preferably at the mean d a i l y temperature 
This equation has been used extensively i n the estimation 
of mean monthly evaporation and i s not intended f o r d a i l y 
use. 
Blaney and Criddle formula i -
The Blaney and Criddle formula (1950} can be 
expressed mathematically as :-
U = K F 
Where U = Consumptive use of crop (or evapotranspiration 
i n inches f o r any period). 
F = Sum of the monthly consumptive use factors f o r 
the period (sum of the product of mean monthly 
temperature and monthly per cent of day time 
hours of the year). 
F = 1 QQ = Monthly consumptive use factor. t x p _ 100 
t = Mean monthly temperatures, i n degrees fahrenheit. 
P = Monthly per cent of day time hours of the year. 
K = Empirical consumptive use co e f f i c i e n t ( i r r i g a t i o n 
season or growing period). 
Thornthwaite formula :-
Thornthwaite (19^8) suggested an empirical formula 
for the estimation of po t e n t i a l evapotranspiration. This 
formula i s based on mean temperature data and has been 
developed from r a i n f a l l and runoff data of drainage basins. 
The s i m p l i c i t y of the formula and the a v a i l a b i l i t y of the 
temperature data for long periods at many locations have 
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been the main reasons for i t s widespread use. I n f a c t , 
i t i s the best known and most widely used of a l l the 
empirical formulae. I t has, therefore, gained as much 
popularity as the more t h e o r e t i c a l l y based formula of 
Penman. Thornthwaite's formula i s of the form :-
PE = 1.6 (10 T / I ) m 
Where T = Mean monthly a i r temperature i n °C »I = The 
annual heat index which i s a summation of the monthly 
heat indices :-
12 1.514 
I = where i ( | ) 
i = l 3 
m i s a cubic function of I and i s empirically determined 
being equal t o :-
(0.675 I 3 + 77 I 2 + 17920 I + 492,390) x 10 6 
PE i s unadjusted p o t e n t i a l evapotranspiration based upon 
a 12 hour day 3° day month. By adjusting f o r the actual 
day length (h) and days i n the month (D), the actual p o t e n t i a l 
evapotranspiration i s obtained from the expression :-
PE = PE(-^-) (rjo~) 
The formula has been c r i t i c i s e d for i t s empiricism 
and for neglecting v i t a l meteorological factors, such as 
solar r a d i a t i o n , humidity and wind speed, both of which 
af f e c t PE rates. 
Penman formula i -
Penman i n 1948 suggested a formula which was 
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based on his work at Rothamsted, experimental s t a t i o n . This 
formula i s by far the most complete of a l l empirical formulae 
in wlich the principles of both energy balance and aerodynamic 
methods are incorporated. There are three equations i n 
Penman's approach. The most useful equation i s of the 
form :-
E Q = 0.35 ( e a - e d) (1 + U2 / 100) ......mm/day 
Where e = Saturation vapour pressure of water at mean 
EL 
a i r temperature i n mm of mercury. 
e d = That of water at the dew point temperature, or 
the actual vapour pressure at the mean temperature. 
U2 = The wind speed i n miles per day at two metres 
above the ground. 
3) - Water balance i n Egypt :-
Water balance studies have been r e l a t i v e l y neglected 
aspects of climatological investigations i n Egypt. Certain 
elements of the water balance have, however, been dealt 
with i n studies of climatological elements. 
The hydrological cycle f o r a given area can be 
summarised by the water balance equation which i s a mathem-
a t i c a l representation of the flow of water v i t a l i n maintain-
ing the heat balance of the earth-atmosphere system 
( C r i t c h f i e l d , 197^; Mather, 197^; Johnson, 1971). The 
equation i s of the form :-
P = E + R +^S 
Where P = P r e c i p i t a t i o n , E = Evapotranspiration, R = Runoff 
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AS = Change i n s o i l moisture l e v e l and AG = Change 
i n groundwater storage over a suitably long period 
of time. 
The change i n moisture storage (^ S and^G) are t o a l l 
intents and purposes n i l . We can therefore rewrite the 
water balance equation as follows :-
P = E + R 
The main largest elements of the equation are 
p r e c i p i t a t i o n and p o t e n t i a l evapotranspiration. P r e c i p i t -
a t i o n i s the climatic element of greatest economic s i g n i f i c -
ance and i t s v a r i a b i l i t y /and r e l i a b i l i t y are p a r t i c u l a r l y 
relevant. I t alone i s not a s u f f i c i e n t index of water 
a v a i l a b i l i t y i n Egypt because the River Nile i s the main 
source of water f o r a g r i c u l t u r a l purposes. 
5.3 - Evaporation over Egypt :-
Evaporation measurements i n Egypt are taken once 
da i l y at 0600 U.T. from a Piche tube and also from a Class 
"A" evaporation pan. These give the evaporation amount 
fo r the previous 24 hours. 
The evaporation readings are measured by a Piche 
tube f r e e l y exposed i n sloping double roofed louvred screens. 
2 
The evaporation disc has an effective area of 10.1 cm and 
i s white i n colour and i s situated at a height of 140-150 
cms above the ground. 
The Class "A" evaporation pan i s of the type recom-
mended by the Commission of Instruments and Methods of 
Observation of the World Meteorological Organization 
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Rec 42 (CIM O.56). I t i s of a c y l i n d r i c a l shape, 25.4 cms 
deep, 120.6 cms i n diameter (inside dimensions). The pan 
i s f r e e l y exposed i n the open a i r i n a dry f i e l d , i t s rim 
i s situated at a height of 41 cms above the ground, and 
i s placed at a distance from obstacles such as buildings 
or trees. The Class "A" evaporation pan has been used at 
the Giza and Aswan stations only. Piche tubes have been 
used at the 54 climatological stations i n Egypt. 
The mean d a i l y amounts of evaporation i n mm for 
selected stations i n Egypt are shown i n Table 5«a. I t 
can be seen that the highest annual d a i l y values of 
evaporation recorded are 15.4mm, 14.9 mm and 16.4 mm at 
Aswan, Kharga and Dakhla respectively. The lowest values 
registered are 4.5 mm/day at Tanta, and 5^ 2 mm/day at 
Alexandria. I t i s also noticed that the mean d a i l y values 
f o r each month are very high at Aswan, Kharga and Dakhla 
stations, i n contract with Alexandria i n the Mediterranean 
Qoastal area and Tanta i n the Middle of the Delta region. 
In general, the monthly v a r i a t i o n of mean d a i l y 
values i n the Mediterranean coast i s very small with the 
highest values occurring i n summer. On the Red Sea Coast 
the observed values (Table 5«a and Fig. 5*1) are much 
larger, due to the effect of greater wind speeds and lower 
humidities. The range of variations have been computed 
by the author and the resu l t s are shown i n Table 5«a. 
This table shows that the coastal area has the smallest 
range i n comparison with inland stations. The smallest 
range i s recorded at Alexandria (2.1 mm/day), whilst the 
2a?gest range i s found at Aswan, Kharga and Dakhla. These 
values are 13*2, 14.0 and 16.4 mm/day respectively f o r 
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Table 5.\> gives the mean d a i l y values of measured 
evaporation by the Piche tube i n free a i r and the Class 
"A" Pan at Giza and Aswan for the d i f f e r e n t months of 
the year. I t can be seen, as would be expected, that the 
resu l t s of the Class "A" Pan are less than the values 
measured by the Piche tube i n free a i r , either at Giza or 
at Aswan. 
The corr e l a t i o n c o e f f i c i e n t s between measured 
evaporation by the Piche tube i n free a i r and the Class "A 
Pan at Giza and Aswan have been calculated (Figs. 5.2 and 
5.3)' These are a l l s i g n i f i c a n t at the 1% l e v e l and very 
high correlation c o e f f i c i e n t s exist between the values 
measured by the Piche tube i n free a i r and Class "A" Pan. 
These cor r e l a t i o n values are O.97I and 0.990 at Giza and 
Aswan respectively. 
5-4-
Penman and Thornthwaite evapotranspiration values f o r six 
selected stations i n Egypt 1 -
Potential evapotranspiration was also calculated 
by both the Penman and the Thornthwaite formulae. For 
the Penman formula, tlie calculation was f a c i l i t a t e d by the 
application of a computer program supplied by the I n s t i t u t 
of Hydrology, which uses the d a i l y values of temperature 
(maximum, minimum, dry and wet bulb), run of wind and 
radi a t i o n data (either of solar r a d i a t i o n , net ra d i a t i o n 
or hours of sunshine) as input and produced d a i l y values 
of Penman Eol, Eo2 and Et with empirical wind functions 
( i . e . F(U) = 0.35 (1 + xjjs) or F (U) = 0.35 (0.5 + 
as output. The format of a t y p i c a l lead card, control 
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Table 5.b 
Measured Evaporation by Piche "xposed i n the Free A i r 
and the Class A" Pan f o r Giza and Aswan S t a t i o n s (mm/day) 
Month 







Class "AV* v 
pan ^ 
Jan. 6.1 3.0 9.1 6.3 
Feb. 8.3 4.2 11.3 8.5 
March 11.0 6.4 14.9 12.3 
A p r i l 15.1 8.6 18.9 15.2 
May 19.1 11.4 22.3 17.5 
June 19.7 12.9 22.7 19.3 
J u l y 15.4 11.1 22.4 19.0 
Aug. 14.0 10.3 22.1 18.8 
Sept. 13.2 9.1 20.6 16.5 
Oct. 11.6 6.9 17.1 12.8 
Nov. 7.7 ^•3 11.7 10.1 
Dec. 6.9 3.1 • 9.2 7.3 
Ann. 
mean 12.3 7.6 16.9 13.6 
(1) Omar, M.H., 1969; C o r r e l a t i o n between p o t e n t i a l evapo-
t r a n s p i r a t i o n and meteorological and evaporometer 
data, meteorlogical,Dept., Piet. Res. B u l l . , Vol 1, p. 113. 
(2) Monthly weather r e p o r t s f o r years 1962-1967, Meteorological 
Dept., Cairo, Egypt. 
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card and data card employed f o r running the program are 
discussed i n Appendix 1. The program has been used t o 
determine d a i l y values of evaporation and e v a p o t r a n s p i r a t i o n 
f o r the s t a t i o n s a t Alexandria, Tanta, Giza, Minya, Aswan 
and Kharga oasis during 1970. C a l c u l a t i o n s of the 
Thornthwaite e v a p o t r a n s p i r a t i o n values have been made from 
t a b l e s i n Thornthwaite and Mather (1957)* 
The mean daily amounts of (EP) measured by the Piche 
tubes i n the fr e e a i r a t the s i x selected c l i m a t o l o g i c a l 
s t a t i o n s are very high when compared w i t h the evaporation 
and e v a p o t r a n s p i r a t i o n values estimated by the Penman and 
Thornthwaite formulae. 
I n general, the highest recorded values f o r 
evaporation (EP) measured by Piche tube are found i n May 
a t Alexandria, Tanta, Giza and Kharga s t a t i o n s , and i n 
June a t Minya and Aswan ( F i g . 5*^). The lowest measured 
values are r e g i s t e r e d during December and January a t a l l 
s t a t i o n s w i t h the exception of Tanta, whereas the lowest 
values are found i n November and December (Table 5«c and 
F i g . 5 « * 0 - This highest measured (EP) value of evaporation 
i s Jl.6 mm/day. This i s recorded i n June 1970.at Aswan. 
The lowest evaporation value i s found i n December a t 
Tanta (2.7 mm/day). 
The Penman Eol and Eo2 are values of p o t e n t i a l 
evaporation (albedo 0.05). The former has an aerodynamic 
term w i t h an e m p i r i c a l f u n c t i o n of wind speed of F (U2) = 
U2 
0.35 (1 + 100")» while the e m p i r i c a l wind f u n c t i o n of the 
u2 
Eo2 i s F (U 2) = 0.35 (0.5 + YQQ)' Penman Et r e f e r s t o 
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f u n c t i o n s i m i l a r t o Eol. 
The estimated r e s u l t s of evaporation and evapo-
t r a n s p i r a t i o n (Table 5«c and F i g . 5 ^ ) show c l e a r l y t h a t 
June, J u l y and August are the months w i t h the highest 
values, w h i l s t January and December are the months w i t h 
the lowest estimated values of evaporation and evapo-
t r a n s p i r a t i o n a t a l l s t a t i o n s . I t can a l s o be seen t h a t 
the Penman Et, Eol and Eo2 values are i n general higher 
than p o t e n t i a l e v a p o t r a n s p i r a t i o n c a l c u l a t e d by the 
Thornthwaite formula (ET). Several f a c t o r s e x p l a i n the 
higher monthly values f o r Penman equation compared w i t h 
Thornthwaite formula. The most important f a c t o r s are 
the Thornthwaite formula i s dependent only on temperature, 
while the Penman equation i s based not only on temperature, 
but also sunshine, humidity and wind speed. 
The c o r r e l a t i o n c o e f f i c i e n t between measared evapor-
a t i o n by Piche tube i n fr e e a i r and estimated evapotrans-
p i r a t i o n by the Penman and Thornthwaite formulae at 
Alexandria, Tanta, Giza, Minya, Aswan and Kharga oasis 
have been c a l c u l a t e d (Table 5«d)« This t a b l e shows c l e a r l y 
t h a t a l l the r e s u l t s of the c o r r e l a t i o n c o e f f i c i e n t s are 
very high and h i g h l y s i g n i f i c a n t . These are found t o be 
s i g n i f i c a n t a t the 1& l e v e l w i t h the exception of the 
Tanta values. These j u s t are reached the 5$ l e v e l of 
s i g n i f i c a n c e f o r the r e l a t i o n s h i p between Piche tube and 
the Penman Et, Eol and Eo2 equations, but f a i l t o reach 
the 5% l e v e l f o r the r e l a t i o n s h i p between Piche tube and 
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6.1 - I n t r o d u c t i o n t -
On the occasion of the Khamsin of A p r i l 1st and 
2nd, 1922, the Meteorological observer i n Cairo remarks 
i n h i s r e g i s t e r :-
A p r i l 1st - "The sky i s covered w i t h dust. No-one 
can decide whether i t i s cloudy or not. 
This wind i s too hot." 
A p r i l 2nd - " I never met w i t h a day l i k e t h i s , 
e s p e c i a l l y the afternoon. The hot 
wind blows, the sky i s turned y e l l o w , 
the small stones are c a r r i e d by the 
wind. L i f e i 8 h a t e f u l on such days." 
(Sutton, 1923, p. 8j and Conrad, 19*K3, 
p. 142 ) • 
The word "Khamsin" i s app l i e d i n Egypt t o a l o c a l 
wind which i s hot, very dry and dust-laden, and which blows 
from between south and east. Usually t h i s wind i s ass o c i -
ated w i t h desert depressions t h a t move almost p a r a l l e l t o 
the Mediterranean Coast. "Khamsin" i s an Arabic word 
meaning f i f t y , and i t r e f e r s t o the f i f t y days a f t e r She.m 
El-Nessim - the Coptic Easter Monday - durin g which t h i s 
type of wind was thought t o occur. However, i t may occur 
at any time i n the period from February t o June, and 
normally l a s t s from 1 t o 10 days, depending on the nature 
and o r i g i n of the two pressure systems concerned. 
6.2 - Geographical and l o c a l aspects 1 -
The most important synoptic f e a t u r e i n spr i n g a l l 
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over the great A f r i c a n desert i s ths tendency f o r desert 
depressions t o form. Such depressions g e n e r a l l y take a 
p r e f e r r e d eastward t r a c k near the north A f r i c a n coast 
over the desert or over the southern Mediterranean. I n 
these regions, e s p e c i a l l y i n s p r i n g , the pronounced con-
t r a s t i n surface temperatures between the water and the 
desert a i r a c t s as a f u r t h e r f a c t o r a i d i n g the genesis 
and development of these desert depressions. These 
depressions are associated, i n most cases, w i t h an a c t i v e 
system of strong southerly and southeasterly hot, dry 
and dust-laden surface winds blowing i n f r o n t of them. 
These winds f r e q u e n t l y cause i n t e n s i v e temperature and 
humidity anomalies as w e l l as r i s i n g dust and severe dust-
storms a l l over n o r t h A f r i c a . Because of the great 
i n f l u e n c e of such winds on human a c t i v i t i e s , they have 
been known from oldest times and have been given s p e c i a l 
l o c a l names. "Scirrocco" i s the general name used f o r 
these winds of c o n t i n e n t a l , t r o p i c a l o r i g i n when they 
blow over the Mediterranean Sea and i t s coastal f r i n g e s . 
They are known by the term " C h i l i " i n Morocco* 
A l g e r i a and T u n i s i a , " G i b l i " i n Libya, and "Khamsin" i n 
Egypt. I f these depressions move f u r t h e r t o the east, 
s i m i l a r v i o l e n t winds blow over the c o u n t r i e s of the 
eastern Mediterranean, S y r i a , Lebanon, I s r a e l , Jordan, 
I r a q , I r a n and Arabia, where they are c a l l e d "Simoom". 
This means t h a t the a i r i s unhealthy or poisonous. I n 
s p i t e of the d i f f e r e n t names, these winds have the same 
character and o r i g i n i n the south and east Mediterranean 
regions; i . e . , the desert, e s p e c i a l l y the sand desert. 
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This i s the source r e g i o n of the dry a i r masses of high 
temperature. These winds are caused by the depressions 
which move e i t h e r along the northern coast of A f r i c a or 
cross the deserts i n southwesterly t o n o r t h e a s t e r l y 
d i r e c t i o n s . Hot dry a i r masses from the i n t e r i o r of the 
desert are tr a n s p o r t e d northward and westward associated 
w i t h the f r o n t a l systems of the depressions. 
6.3 - Khamsin depressions t-
Khamsin depressions t r a v e l from west t o east, t o 
the south o f , and roughly p a r a l l e l w i t h the n o r t h A f r i c a n 
Coast. As a r u l e , the more vigorous depressions u s u a l l y 
o r i g i n a t e f a r t o the west of Egypt, while shallow 
depressions form over Egypt or s l i g h t l y t o the west of i t . 
For many years meteorologists mainly from Egypt 
have published some works d e s c r i b i n g these Khamsin 
depressions, discussing some of t h e i r s t r u c t u r a l f e a t u r e s 
and t r a c k s as w e l l as suggesting possible atmospheric 
processes leading t o t h e i r genesis. The e a r l i e s t s t u d i e s 
were made by Sutton (1923). He d i s t i n g u i s h e d two types 
of Khamsin depressions. These were a desert type which 
f o l l o w s a desert t r a c k along the A f r i c a n coast, and a 
sea type which o r i g i n a t e s i n the A t l a n t i c and u s u a l l y ' 
t r a v e l s along the A f r i c a n coast and over the Mediterranean 
Sea. He gave the number of Khamsin depressions as 185 
i n the 16 year period from 190? t o 1922. These were 
d i s t r i b u t e d as f o l l o w s : February kit March kk; A p r i l 48; 
May 3^8 and June 18. He als o found t h a t the sea depressions 
were r a t h e r more frequent i 98 i n number compared w i t h 
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8? desert depressions. During February a l l the Khamsin 
depressions t r a v e l l e d along the Mediterranean Sea, but 
as spring approaches the number of depressions coming 
from the Sahara increases. The sea depressions generally 
have to break through a system of high pressure over the 
cent r a l Mediterranean. 
Sutton (1923) analysed the movement of a desert 
depression which occurred on 1st - 2nd A p r i l , 1922. I n 
t h i s he mapped the progress of the depression, the track 
of i t s centre, and the changes of various meteorological 
elements during the approach of the depression at some 
stations i n the eastern Mediterranean. Sutton also 
assumed that the low pressure i n the south (the Sudan low) 
i s not i n any way connected with the cyclonic depression 
coming from the Sahara, but i s part of the system of low 
pressure which prevails over the Sudan with l i t t l e modific-
ations from October to May (Sutton, 1923 • p. ?)• 
El-Fandy (19^0) assumed that the modifications 
of the Sudan low are d i r e c t l y responsible for the formation 
of Khamsin disturbances. He distinguished between two 
types of Khamsin depressions, those of track C (expanding 
from south-west to north-east across Egypt) and of track 
B ( p a r a l l e l to the African coast and extending from south 
of the mountains of Tunisia and Algeria through the Sahara 
t o Egypt). The two tracks are shown i n Figure 6.1. He 
also assumed that depressions of track C form oyer Egypt 
on the surface of separation of the cold north-easterly 
winds and the warm south-easterly winds. The north-






















pressure situated somewhere north of Egypt, and the south-
easterly winds blow around the Sudan low. The surface 
of separation i s called "P" and i s located south of the 
African coast crossing Lower Egypt between Alexandria 
and Mersa Matruh (Fig. 6 . 1 ) . 
The surface or zone called "F" by El-Fandy ( 1 9 ^ 0 , 
p. 330) has been mentioned above as occupying the l a t i t u d e 
of the northern Red Sea i n the Spring, but i t suffers 
large displacements. I t s existence i s marked by d i f f e r -
ences of humidity and of surface temperature. The 
Mediterranean f r o n t develops when the temperature d i s t r i b u -
t i o n i s favourable. This happens only i n the cold season 
and so t h i s front disappears i n summer. Usually t h i s f r o n t 
i s located to the north of the Mediterranean separating 
the cold winter a i r over Europe and the warm a i r over the 
Mediterranean and A f r i c a . However, t h i s front may some-
times move southwards and reach the northern part of 
Egypt, (see, Beaumont et aL, 1976 , p. 5 2 ) . 
I n t h e i r work on Khamsin depressions, Sutton 
( 1 9 2 3 ) , and El-Fandy (1940) both described two types, 
ori g i n a t i n g over the desert and the sea respectively. 
Ahamed ( 1 9 ^ 9 ) and Abdel-Salam and Sowelim ( 1967A) ; 
c l a s s i f i e d Khamsin depressions i n t o three types; according 
t o t h e i r tracks across Egypt and the eastern part of the 
Western Desert. These were known as sea, desert and 
coastal depressions. Banbub (1970) and Tantawy ( 1 9 6 9 ) , 
have also studied Khamsin depressions and described only 
one type o r i g i n a t i n g over the desert. 
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6.4 - Desert depressions :-
Desert depressions which produce the most t y p i c a l 
Khamsin conditions form usually to the south of the Atlas 
mountains either when a cold north-westerly or a north-
easterly outbreak of a i r moves towards the Atlas range. 
The depressions give r i s e to "Scirrocco" or "Khamsin" 
winds are, therefore, called "Scirrocco" or "Khamsin" 
depressions. These depressions form most frequently i n 
spring when the Mediterranean f r o n t a l zone has moved 
we l l south i n t o the Western Desert. During t h i s trans-
i t i o n a l period (February - June), the sea temperatures 
are s t i l l rather low i n comparison with those of the 
ra p i d l y heated land and the Mediterranean front i s often 
very sharply defined. 
I n addition the NE to easterly winds which usually 
become established at t h i s time over the western part of 
north Afr i c a increase the cyclonic c i r c u l a t i o n around 
the depressions. During t h i s season and to a lesser 
extent i n autumn we have the greatest desert depression 
a c t i v i t y and they are at that time perhaps the most 
important type of Mediterranean depression. Desert 
depressions develop most readily when polar or a r c t i c a i r 
stream from NW or NE flows i n t h e i r rear. When t h i s 
happens there i s a corresponding induced flow of con-
t i n e n t a l Tropical (Tc) a i r northwards, often bringing 
dust with i t t o give the duststorms which are most common 
over north Africa i n spring (see Abdel-Salam and Sowelim, 
1967A and 1967B, and Banoub, 1970). 
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A desert depression generally begins t o move 
eastwards along the Mediterranean f r o n t . I f there i s 
pronounced northward steering the depression moves north-
eastwards to Europe before reaching the eastern Medi-
terranean. I f there i s a high pressure established over 
the Balkans and the Black Sea, the desert depression w i l l 
keep near the African coast either over the sea or over 
land a f f e c t i n g the Arab Republic of Egypt. This i s always 
maintained i f there i s a continued flow of polar a i r 
behind the depression. There may be f r o n t a l r a i n ahead 
of and t o the north of the depression and showers i n the 
polar a i r . This i s most l i k e l y t o occur with a desert 
depression i n late winter and early spring. 
6.5 - S t a t i s t i c a l analyses :-
Attempts have been made by the author t o in v e s t i g -
ate the tracks of Khamsin depressions f o r the four year 
period from 1970 t o 1973. The tracks of each depression 
have been traced by drawing a l i n e from the centre of 
the depression and following the movement of each de-
pression. These depression tracks were derived from the 
Daily Weather Reports issued by the Meteorological 
Department i n Cairo, Egypt. The results of the analysis 
are shown i n Figures 6.2 to 6 . 6 . I t i s noticed that 
during the four years there were 24 depressions i n 
February? 23 i n March; 18 i n A p r i l ; 18 i n May and only 
one depression i n June 1971' The tracks of the Khamsin 
depressions show cl e a r l y that »-
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t r a v e l with t h e i r centres over the Mediterranean Sea 
close t o the north African coast u n t i l they reach Egypt. 
They follow more than one track, i . e . , sea and coastal 
tracks or coastal and desert tracks. Overall a wide 
var i e t y of tracks over the Mediterranean Sea are noticed. 
2. Depressions which form to the south of the 
Atlas mountains, sometimes follow more than one track. 
Some of these have t h e i r tracks e n t i r e l y across the 
Mediterranean Sea, while others move e n t i r e l y over land. 
When these depressions reach Egypt they bring Khamsin 
conditions. 
Both the depressions which form to the south of 
the Atlas mountains and those which originate over the 
At l a n t i c a f f e c t the climate of Egypt. The former depres-
sions usually produce the most intense Khamsin con-
d i t i o n s . 
6 . 6 . - Khamsin weather conditions »-
Khamsin weather conditions i n Egypt mostly take 
place i n association with the passage of desert depressions. 
The main weather features which give r i s e t o Khamsin 
weather conditions are the excessively high surface 
temperatures and the extremely low humidities, associated 
with the invasion of S or SE winds of continental Tropical 
(Tc) o r i g i n . There are other factors which are not 
s u f f i c i e n t to be called Khamsin weather conditions but 
which may be associated with them on some occasions. 
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produce r i s i n g dust and duststorms and the occurrence 
of active cloud formation, r a i n f a l l and thunderstorms. 
I n spring continental Tropical (Tc) a i r over i t s 
source region i n Af r i c a i s very hot and dry. The surface 
a i r temperature may be as high as 45°C and the r e l a t i v e 
humidity as low as 15%. Khamsin winds always have a long 
fetch over the desert of north A f r i c a . I n spring the 
temperature of a continental Tropical (Tc) a i r stream 
continues to r i s e as long as i t remains over 1he desert 
and reaches i t s maximum temperature near the Mediterranean 
coast. 
The temperature rises and the decreases of r e l a t i v e 
humidity with the southerly stream are the main phenomena 
which occur on every Khamsin occasion. Consequently the 
f i r s t step i n t h i s investigation i s to f i n d t y p i c a l values 
of maximum temperatures and r e l a t i v e humidities during 
the Khamsin period (February - June). For t h i s purpose 
the data f o r the d a i l y maximum temperatures and r e l a t i v e 
humidities for nine stations during the years 1970 and 
1971. and three stations during the years 1972 and 1973, 
have been plotted (Figs. 6.7 - 6 . 1 0 ) . These figures show 
cl e a r l y that large and sudden changes i n surface a i r 
o 
temperatures to produce values i n excess of ^2 C, occurred 
when Khamsin winds were suddenly followed by a hot f r o n t . 
Drops of the order of 10 °C sometimes occurred when Khamsin 
winds were followed by a cold f r o n t . The most marked 
changes of humidity occurred with the passage of cold 
f r o n t s i n Khamsin conditions during the t r a n s i t i o n a l 
period from February t o June. Sudden changes i n r e l a t i v e 
humidity values may also be noticed. A value of 15% was 
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recorded at Aswan during the passage of the hot f r o n t , 
while 90% was registered at Mersa-Matruh and Alexandria, 
during the passage of the cold f r o n t . I t i s also seen 
that the wind blows mainly from between east and south 
directions during the Khamsin period (February - June) 
(Fig. 6.11). 
Analyses have been made to investigate the actual 
number of times that maximum temperatures and r e l a t i v e 
humidities either increase above or f a l l below certain 
values during the period of study. The resu l t s of t h i s 
investigation are i l l u s t r a t e d (Table 6.a). I t can be seen 
that during the Khamsin period (February - June) there 
are major changes i n temperatures especially of between 
5-8°C and •>8°C, and a high frequency of humidity values 
below 30% especially at inland stations. The coastal 
stations such as Mersa-Matruh, Alexandria and Port Said 
had the lowest frequency of r e l a t i v e humidity below 30%, 
whilst the reverse was the case f o r the inland stations 
especially Bahariya, Kharga and Aswan stations, which 
had the highest number of such observations during the 
Khamsin period (Table 6.a). 
The second investigation during the same period 
has been carried out by the author t o f i n d the month 
and the date i n which sudden changes i n temperature 
^ 6°C occurred. The resu l t s of t h i s analysis are shown 
i n Table 6.b . I t i s noticed that the main change i n 
temperature values occurred i n the Khamsin season (February 
June). I t can also be seen that the frequency d i s t r i b u -
t i o n of the sudden change i n temperatures i s much higher 
- 15^ -
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TABLE ( 6 b ) 
S i x OEGHEF ( C ) T E M P I R A T U R F CHANGES " F C I B n E O I N I97t> 
PnfiS 
MINV OCT 26 27 
STATION MONTH OA Y OAY J I I N 2 3 BAHR MAR 1 ? HJNY OCT 27 28 
PORS AUG 1 A 19 BAHR MAR 2 S HINV NOV 16 |7 
ALEx FEB 12 I J PORS AUG 19 2H BAHR MAH 7 8 KHAN J A N 8 9 
ALE X MAR 1 2 TANT FEB 1 2 BAHR MAM I I 9 KHAR MAH 1 2 
*LEX MAR 3 4 TANT F E B ? 3 BAHR MAH 16 17 KHAH MAN n 9 
ALEx MAM 16 17 TANT FtB 12 13 BAHR MAH 17 I B KHAH MAP 1 7 I B 
ALEX MAR ? H 29 T A N T F E B 17 I B BAHR MAR 18 19 KHAR MAH 3* 31 
ALEX MAR 3ft 31 TANT MAR 1 2 BAHR MAR 3* 31 KHAM APH b 6 
ALEX APR 2 3 TANT MAR 3 4 BAHH APR ? 3 KHAR APR f> 7 
* L E « APR 11 12 TANT MAH 14 16 BAMH APR 5 6 KHAH APR 7 B 
ALEX APH 12 13 TANT MAM 17 I B BAHH APR 7 B KHAH APR 13 14 ALEX MAY i n 11 T A N T MAR 3ft 31 BAHR APR 12 13 KHAR APH 1 6 17 
ALEX MAY 1 J 1« TANT APR ? 3 BAHH APH 24 25 KHAH MAY 5 6 
A L E X MAY 16 17 TANT APR 5 A BAHR APR 25 26 KHAR MAY 7 8 ALEX MAY 18 19 T A N T APH n 9 BAHR MAY 1 2 KhAH MAY 1 4 15 ALEX MAY 1» 24 TANT APR 11 12 BAMH HA V 7 8 KHAH MAY 21 
1 
22 
ALEX MAY 21 22 TANT APR 12 13 BAMH MAY 14 15 KHAN J U N 2 
ALEX OCT 21 22 TANT MA7 1 2 BAHR MAY 16 17 KHAM J U N 2 3 
ALEX NOV 26 27 TANT MAY 7 B BAHH MAY 17 I B KHAR JUN fl 9 
ALEX NOV 27 28 TANT MA f 13 14 BAHR MAY 2ft 21 KHAH J U L i n 19 HERS FEB 12 13 TANT MAY 1 7 I B BAHR J U N 1 2 KHAH OCT 26 27 HERS F E B 16 17 TANT MAY 18 19 BAMH J U N 2 3 KHAH NOV 18 19 
HERS MAR 1 2 TANT MAY 2ft 21 BAHR J U L IB 19 KHAH OEC 1 2 
HERS MAR 2 3 TANT MAY 21 22 BAHR J U L 2B 29 KHAH OEC 2 3 
HERS MAR 5 6 TANT J I I N 1 2 BAHR OCT 1 2 ASHA J A N 1 fl 19 
HERS MAR 16 17 TANT JlJN 2 3 BAHR OCT 2« 26 AShA MAH 1 2 
HERS MAR 27 20 TANT J U N 1? 13 HINV F E B 3 4 ASWA MAH 8 9 
HERS M AH 3* 31 TANT JUL 3 4 HINY F E B 4 5 ASHA MAR 1 1 12 
HERS APR 1 2 TANT AUG 1 2 HINT F E B 13 1' ASHA MAR 12 13 
HERS APR 3 4 TANT AUG 2 3 HINV FFB 17 IB ASM* MAN I B 19 
HERS APR 11 12 TANT SFP 26 27 HINY MAR 1 2 ASHA APR 6 7 
HERS APR 12 13 TANT OCT 4 S HINY MAR 4 5 ASWA APH 16 17 
HERS APR ? B 29 TANT OCT PR 29 HINV MAR fl 9 ASHA APR 1 7 18 
HERS APH 29 3« GIZA F F B 17 IB HINY MAH 13 14 ASHA APR 23 24 
HERS MAY 1 2 GIZA MAR 1 2 MINV MAR 17 I B ASHA APH 26 27 
HFRS MAY 3 4 GIZA MAH 3 4 M I N Y MAR 3ft 31 ASHA MAY 3 4 HERS HAY 1 1 12 GIZA MAR 17 I B HINY APH 5 6 ASHA MAY I S 16 
HERS MAY 12 13 GIZA MAR 27 28 HINV APR 9 im ASHA MAY 24 25 H(R8 HAY 20 30 GIZA MAR 3ft 31 HINY APR 12 13 ASHA J U N 1 2 
HfRS HAY 3ft 31 GIZA APR ? 3 MINY APR 13 l« ASHA J I I N 2 3 HERS SEP 22 23 GIZA APR 4 5 HINV APH 16 17 ASHA AUG 14 15 HERS OCT 17 1.6 GIZA APR H 9 MINV APR 25 26 ASHA AUG 27 28 PORS FFB 12 13 GIZA APH 12 13 MINV APR 28 29 ASHA S E P 3 4 Pons MAR t 2 GIZA APM 13 14 MINV APR 29 J B ASMA S F P 4 5 
PORS MAR ft 9 GIZA HAY 1 2 MJKV MAY 7 B ASHA OCT 26 27 
PORS MAR IS 16 GIZA MAY 7 B HI Ny MAY 14 15 ASnA NOV 1 3 |4 PORS MAH 17 IB GIZA MAY 1 3 14 HINV MAY 21 22 ASHA NOV 21 22 
PORS MAH 30 31 GiZA MAY 17 I B HINV MAY 25 26 EXECUTION Tf R M T N A T E O 
POPS APR 2 3 GIZA MAY IB 19 HINV MAY 26 27 
PORS APH 1 1 12 GIZA MAY 2ft 21 HINV J U N 1 2 
PORS APH 12 13 GIZA MAY 21 22 HINV J U N 2 3 
PORS APR 29 311 GIZA J U N 1 2 MINV J U L 15 16 
PORS MAY 12 13 GIZA J U N 2 3 HINY J U L 16 1 ' 
PPRS MAY 13 1 4 GIZA J U N 29 21 MINV AUG Q I B 
PORS •"AY |7 I B GIZA OCT 5 6 HJNV AUG 1ft 11 
PORS MAY 1* 1* GIZA OCT 25 26 HINV SEP 1 2 POHS MAY 19 ?«> BAHR J A N B 9 HINV SEP 2 3 
PORS J U N 1 2 BAHR F F B B 9 MINV SEP 8 9 
BAHR F E B 12 13 HINY SEP 9 1ft 
BAMH F E B 17 18 HJNV OCT 25 26 
- 159 -
TABLE (6 b)C0NT-
a l l DEGREE (C) TEMPER*TUBE CHANGES RfCORnFO IN 
AT I ON MONTH OAV BAY TANT JAN 7 8 
TANT JAN 8 9 
A| Ex FEB 20 21 TANT FFB 3 4 
ALEX MAH Q IB TANT FEB 4 5 
AlEX MAR 19 16 TANT FFB 7 8 
ALEX MAR 1ft 17 TANT HAR 2 J 
ALEX MAR 27 28 TANT MAN 1« 11 
ALEx APR 1 1 12 TANT MAR 14 15 
ALEX APH 7i 25 TANT MAH 15 16 
ALEX APR 28 29 TANT MAH 16 17 
ALEX APH 29 30 TANT MAR 22 23 
ALEX MAY ; 8 TANT MAR 24 25 
ALEX MAY 72 23 TANT APR 1 1 12 
ALEX MAY 73 24 TANT MAY 8 9 
ALEX JUh * 5 TANT MAY 21 22 
ALEX JUN S 6 TANT MAY 22 23 ALEX J I I N 7 8 TANT JIIN 3 4 
ALEX JUN R 9 TANT JUN 18 19 
ALEX JUN 25 26 TANT JUN 19 20 
ALEX JUN 2ft 27 TANT SEP 3 4 
ALEX AUG 5 6 TANT NOV 12 13 
ALEX OCT 9 6 TANT NOV 13 14 ALEX OCT 6 7 GIZA JAN 3 4 
MfPS MAN 2 3 GIZA JAN 8 9 
M| RS MAH 7 8 GIZA fEB 2 3 
HERS MAH 9 1* GIZA MAR |0 11 
HERS MAH 14 15 GIZA MAM 15 16 
HERS MAH 16 17 GIZA MAR 16 17 
HERS MAN 29 3M GIZA MAN 22 23 
HERS APH 1 2 GIZA MAR 24 25 
HERS APH 24 25 GIZA MAR 29 30 
HF.HS APR 28 29 UIZA NOV 5 6 
HERS APR 29 3H BAHH JAN 1 2 
HERS HAY 5 6 BAHR JAN 2 3 
HERS M A Y 7 ft BAMH JAN 7 6 
HERS MAY 13 14 BAHR JAN 2« 21 
HERS MAY 25 26 BAHH JAN 21 24 
HERS MAY 27 28 BAHR JAN 25 26 
HE HS JUN 3 4 BAHR FEB 2 3 
HERS JUN 4 5 BAHH FEB 12 13 HERS JUN 6 7 BAHH FEB 24 25 
HERS JUN 7 B BAHH FFB 25 26 HERS JUN 2P 21 BAHH MAR 2 3 
HERS OCT 4 6 BAHH HAR !* 11 HERS OCT A 7 BAHR HAR 14 15 PONS JAN 2 3 BAHR HAR 15 16 
PORS JAN R 9 BAHR MAR 16 17 
PORS FEB 7 8 BAHR MAR 24 25 
POHS MAR q 10 BAHH MAH 28 29 PORS MAH i n 11 BAHR MAR 29 30 PORS MAH 15 16 BAHH APR 1 2 PORS MAH 1ft 17 BAHR APH 2 3 PORS MAH 22 23 BAHH APR R 9 
PORS MAH 24 25 BAHH APR 1 1 12 PORS MAY 13 14 BAHR APH 13 14 
PORS MAY 14 15 BAHH APR 15 16 
PORS JUN 19 20 BAHR HAY 8 9 
PORS OCT ft 7 BAHR HAY 12 13 
BAHR MAY 13 14 
BAHR MAY 25 26 
1971 
BAHR MAY 26 27 
BAHR MAY 27 28 
BAMH MAY 28 29 
BAHR MAY 29 30 
BAHR MAY 30 31 
B A H H J U N 7 8 
BAHR J U N 14 15 
BAHH OCT 7 8 
BAHH OCT 13 14 
BAHR OCT 14 15 
H J NY J A N 8 9 
H I N Y FEB 2 3 
H J N Y FEB 25 26 
H I N V FEB 26 27 
H I N Y MAR 10 11 
H I N Y MAR 13 14 
H I N T HAR 15 16 
H J N V MAH 24 25 
H I N Y MAR 28 29 
H I N Y MAR 29 3» 
H J N Y MAY 4 5 
H I N V MAY 5 6 
H I N Y MAY 8 9 
H J N V MAY 12 13 
H I N Y MAY ?B 29 
H I N Y J U N 1 2 
M I N T J U N 2 3 
M I N Y J U N 4 5 
H I N Y J U N fl 9 
M I N V J U N 14 15 
M I N V J U N 19 20 
H I N V J U L 11 12 
H I N V J U L 12 13 
H I N V J U L 38 31 
MJ NY OCT 7 8 
M I N Y NOV 18 19 
H I N Y NOV 25 26 
H I N Y NOV 28 29 
H I N Y NOV 29 30 
KHAH J A N 9 10 
KHAR J A N 2d 21 
KHAR F E B 21 22 
KHAR MAR 2 3 
KHAH HAN 18 11 
KHAH MAR 13 14 
KHAH MAR 14 15 
KHAR MAN 15 16 
KHAH MAH 24 25 
KHAH MAH 28 29 
KHAR APH 22 23 
KHAM APN 26 27 
KHAR APR 27 28 
KHAM MAY 26 27 
KHAH MAV 28 29 
KHAM J U N 3 4 
KHAR J U N 5 6 
KHAR J U N 9 10 
KHAH J U L 29 30 
KHAR J U L 30 31 
KHAH OCT 7 8 
KHAR NOV 1 2 
KHAR NOV 2 3 
KMAH NOV 16 17 
ASHA JAN 9 10 
ASHA JAN 2P 21 
ASMA JAN 24 25 
AS«A FFB 12 13 
ASWA FEH 21 22 
ASHA FEB 22 23 
ASwA FEB 23 24 
ASHA FEB 24 25 
ASHA FEB 26 27 
ASWA HAR 11 12 
ASHA MAR 18 19 
AgftA MAH 25 26 
ASMA APH 3 4 
ASHA APH 15 16 
ASHA MAY 15 16 
ASWA HAY 30 31 
ASWA JUN 4 5 
ASWA AUG 5 6 
ASWA AUG 12 13 
ASWA OCT 25 26 
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during the Khamsin period i n contrast with any other 
month i n the year. However, there i s another small 
peak i n the autumn and winter seasons (Fig. 6.12). 
The relationship between maximum temperatures 
and r e l a t i v e humidities has also been analysed. The 
correl a t i o n c o e f f i c i e n t s between the two values during 
1970 (using d a i l y data) for nine selected stations over 
the country have been computed (Table 6.c). I n general, 
the inland stations have a high negative correlation 
c o e f f i c i e n t between temperatures and r e l a t i v e humidities. 
This c o r r e l a t i o n c o e f f i c i e n t i s very s i g n i f i c a n t s t a t i s t i 
a l l y during the Khamsin period. The highest cor r e l a t i o n 
c o e f f i c i e n t i s -O.863 (March) at Bahanya stat i o n . This 
i s s i g n i f i c a n t at the 1% l e v e l . The lowest c o r r e l a t t i o n 
c o e f f i c i e n t which occurs between maximum temperatures 
and r e l a t i v e humidities during the Khamsin period i s 
-0.279 (June) at the Alexandria s t a t i o n and t h i s c o r r e l -
a t i o n f a i l s t o reach the 5% l e v e l of significance. 
Correlation c o e f f i c i e n t s between maximum temper-
atures and wind speeds have been computed (Table 6.d). 
I t can be seen that there i s a s i g n i f i c a n t positive 
c o r r e l a t i o n between maximum temperatures and wind speeds 
especially during the Khamsin period (February - June). 
I t i s noticed that a l l the corre l a t i o n values between 
maximum temperatures and wind speeds are positive values 
during the Khamsin season with the exception of Giza 
(June), Kharga (May) and Aswan (February). The highest 
value recorded during the Khamsin period i s O.565 which 
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occurred i n A p r i l at the Bahariya s t a t i o n . This is found 
to be s i g n i f i c a n t at the 1% l e v e l . The lowest value i s 
-0.023 found i n February at Aswan. 
The relationship between r e l a t i v e humidities 
and wind speeds has been analysed (Table 6.e). The 
correl a t i o n c o e f f i c i e n t s between r e l a t i v e humidity and 
wind speed values are negative especially during the 
Khamsin period (February - June). The highest c o r r e l a t i o n 
c o e f f i c i e n t i s -0.7^5 and t h i s occurred i n March at the 
Bahariya s t a t i o n . I t i s s i g n i f i c a n t at the 1% l e v e l . 
The lowest c o r r e l a t i o n c o e f f i c i e n t value during the Khamsin 
period i s -0.201 and was registered i n June at the Kharga 
stat i o n . I t i s also noticed that the cor r e l a t i o n 
c o e f f i c i e n t s between r e l a t i v e humidities and wind speeds 
are highly s i g n i f i c a n t during March, A p r i l and May at a l l 
stations with the exception of the A p r i l value at the 
Kharga st a t i o n (Table 6.e), which f a i l s to reach the 5% 
l e v e l of significance. 
The Khamsin depression of May 10th-13th, 1971, 
(Fig. 6.13) has been chosen as an example to investigate 
the weather conditions pr e v a i l i n g during the above period 
with regard t o temperatures, wind d i r e c t i o n and speeds, 
r e l a t i v e humidities and pressure systems. 
On the 10th of May, 1971i there were two deepening 
systems of two low pressure, the f i r s t covered an area to 
the south of Tunisia and over west Libya and the second 
covered north Iraq and east Syria (Fig. 6.13). I t can 
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south-east Iran and central Arabia. 
On the 11th of May, 1971, the centres of the 
two main low pressure systems had moved eastwards. The 
f i r s t depression covered west Libya and the second was 
centred on north-east Iraq. I t i s also noticed that a 
high pressure system covered the general area of 
Czechoslovakia. 
The surface chart of 1200 U.T. on the 12th of 
May, 1971 shows that the deepening low pressure systems 
had moved eastwards with the f i r s t one covering east 
Libya and west Egypt. The second was concentrated over 
the south-eastern part of the Caspian Sea. There was a 
shallow depression over Arabia. I t i s also noticed that 
a high pressure system covered the area of south-east 
Europe and the north-west Black Sea. 
On May the 13th, 1971 the whole of Egypt came 
under the warm sector effect with the exception of the 
extreme north-west corner of the country. This area 
was possibly under the influence of the warm sector 
during the morning of t h i s p a r t i c u l a r day. There were 
also two shallow depressions, the f i r s t covered the 
centre of Arabia, and the second covered the north-east 
Black Sea area. A high pressure system was centred 
over European Russia (Fig. 6.13). 
The weather conditions associated with the above 
depression have also been analysed (Fig. 6.14). This 
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maximum temperatures, r e l a t i v e h u m i d i t i e s , wind speeds 
and wind d i r e c t i o n s during the 11th and 12th of May, 
1971. On the 13th of May, 1971• when Egypt came under 
the e f f e c t of the warm sector of the depression 
which was centred over the eastern Mediterranean, the 
temperature suddenly increased, the r e l a t i v e humidity 
decreased and the wind blew from a south and south-
e a s t e r l y d i r e c t i o n ( F i g . 6.14). On May l ^ t h , 1971, the 
depression had moved eastwards away from Egypt, t a k i n g 
the warm dry Khamsin co n d i t i o n s w i t h i t . 
6.7 - Dust'and Khamsin co n d i t i o n s :-
During Khamsin conditions duststorms r a i s e d by 
the winds i n desert depressions give v i s i b i l i t i e s of 
l e s s than 50 metres a t times. The wind c a r r y i n g the 
dust may cause r e d u c t i o n of v i s i b i l i t i e s i n regions f a r 
d i s t a n t from the o r i g i n a t i n g duststorms. These duststorms 
reach t h e i r most severe ahead of the cold f r o r t of the 
desert depression. Occasionally strorig t o gale f o r c e 
winds ahead of the warm f r o n t of a Khamsin depression 
may also r a i s e much dust. 
With e x c e p t i o n a l l y deep and extensive desert 
depressions a b e l t of duststorms may be more than 200 
k i l o m e t r e s i n w i d t h and t h i c k dust may be c a r r i e d up 
t o 6000 metres above ground l e v e l . Such dust may t r a v e l 
great distances northwards even over the sea. A dust-
storm a t any one place seldom l a s t s f o r more than 12 
hours although the depression may cause duststorms f o r 
- 1 7 1 -
a number of days as i t moves along i t s t r a c k . Generally 
the dust c l e a r s a f t e r the passage of the cold f r o n t (see 
Ahemed, 19^9; Lunson, 1950; Abdel-Salam and Sowelim, 
1967A and 1967B! and Banoub, 1970). 
Abdel-Salam and Sowelim (1967A) studied d u s t f a l l 
caused by the s p r i n g Khamsin storms i n Cairo d u r i n g the 
p e r i o d 1962 and 1 9 6 3 . I t seems cle a r from t h i s study 
t h a t the spring dust deposit i n Cairo i s g r e a t l y a f f e c t e d 
by the Khamsin storms. They found t h a t the mean aggregate 
deposit per storm i n successive months i n round f i g u r e s 
2 2 i s i February 12 tons/mile ; March 23 tons/mile ; A p r i l 
2 2 22 tons/mile j May 17 tons/mile , and the mean r a t e s of 
d e p o s i t i o n are r e s p e c t i v e l y 0 . 5 4 tons/mile , 1 . 3 0 t o n s / 
p p O 
mile , 2 . 2 5 tons/mile and 1.41 tons/mile per hour, 
(Abdel-Salam and Sowelim, I 9 6 7 A, p. 224). 
The monthly values f o r dust deposits i n the c i t y 
of Cairo during 1 9 6 0 were measured by Abdel-Salam and 
Sowelim ( I 9 6 7 B ) . The highest average values of dust 
deposits, a l l over the c i t y , were found t o occur i n the 
months of A p r i l through June w i t h the maximum d e p o s i t i o n 
occ u r r i n g i n A p r i l (Table 6 . f ) . This season of the year 
i s characterized by the passage of a number of Khamsin 
depressions. The passage of such depressions i s always 
associated w i t h hot southerly winds loaded w i t h dust and 
sand. I t i s also n o t i c e d t h a t the highest frequency and 
d u r a t i o n of the storms was concentrated i n the Khamsin 
pe r i o d although some were found i n the w i n t e r season 
(Table 6 . f ) . I t can be seen t h a t the main d i r e c t i o n of 
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south-easterly and south-westerly d i r e c t i o n s . 
The coastal type cf depression a r i s e s over the 
n o r t h A f r i c a n coast and remains s t a t i o n a r y f o r a t l e a s t 
twenty-four hours over the great Qattara Depression 
before moving across Egypt towards Cairo. During t h i s 
p e r i o d of stagnation, the low pressure, weather system 
p i c k s up huge amounts of f i n e dust and sand from the 
hot, bare desert which characterizes the Qattara 
Depression. These p a r t i c l e s are c a r r i e d w i t h i n l a y e r s 
of a i r from ground l e v e l up t o a height of a few thousand 
f e e t . For t h i s reason, an urgent plea f o r a c t i o n was 
made by Abdel-Salam and Sowelim (1967B). They suggested 
t h a t the Qattara Depression ought t o be f i l l e d w i t h 
water from the Mediterranean Sea, and claimed t h a t when 
f i l l e d , the Qa t t a r a . Depression would be a source, not 
of dust and sand, but of water - clouds, during the 
sojourn of the co a s t a l type storms i n the reg i o n . I n 
t h i s way the volume of d u s t f a l l over Cairo during the • 
spring season might be diminished. 
The mean number of days of occurrence of dust-
storms and r i s i n g dust i n selected s t a t i o n s f o r periods 
of a t l e a s t f o r t y years are presented (Table 6.g). This 
t a b l e shows c l e a r l y t h a t the mean number of days of 
occurrence of duststorms and r i s i n g dust are high i n 
the Khamsin pe r i o d and als o the w i n t e r season a t a l l 
s t a t i o n s w i t h the exception of Minya and Luxor. At these 
l a t t e r s t a t i o n s duststorms are found mainly i n January, 
March, A p r i l and May a t Minya, and from February t o 
- 174 -
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August i n c l u s i v e a t Luxor. R i s i n g dust i s frequent 
throughout the year a t most of the s t a t i o n s (Table 6.g). 
The highest number of days w i t h r i s i n g dust i s recorded 
a t Aswan e s p e c i a l l y d u r i n g the Khamsin pe r i o d (February -
June). 
F i n a l l y , the Khamsin has been defined as a very 
hot, dry and dusty wind which blows from between S and 
E over Egypt. I t i s the Egyptian Scirrocco. As i t does 
not pass over the sea i t remains dry. The Khamsin as 
w e l l as the d i f f e r e n t types of the Scirrocco are com-
posed of c o n t i n e n t a l T r o p i c a l a i r (Tc) which has o r i g i n a t e d 
over the desert. 
Khamsin weather c o n d i t i o n s i n Egypt mainly take 
place i n a s s o c i a t i o n w i t h the passage of Khamsin depressions. 
These depressions o r i g i n a t e d e i t h e r over the A t l a n t i c or 
south of the A t l a s mountains and f o l l o w more than one 
t r a c k u n t i l they reach Egypt. 
The main weather f e a t u r e s which are s u f f i c i e n t 
t o s p e c i f y what i s c a l l e d Khamsin weather have been 
analysed i n d e t a i l i n the present chapter, and these 
are the excessively high surface temperatures and the 
extremely low h u m i d i t i e s , associated w i t h the i n v a s i o n 
of S or SE winds which produce r i s i n g dust and duststorms. 
These c o n d i t i o n s u s u a l l y cause damage t o the crops i n 
Egypt e s p e c i a l l y the vegetables and c e r e a l crops. For 
example, these hot and dry east winds may scorch the 
young ear of s h r i v e l the r i p e n i n g g r a i n . The cer e a l 
crops must a l s o contend w i t h a v a r i e t y of pests and 
- 176 -
diseases. Severe duststorms sometimes cause extensive 
damage t o a i r c r a f t engines "by the p e n e t r a t i o n of sand 
or dust p a r t i c l e s e i t h e r d u r i n g f l i g h t or t o inadequately 
p r o t e c t e d parked a i r c r a f t on the ground. These dust-
storms u s u a l l y produce v i s i b i l i t i e s of less than 50 
metres and because of t h i s the t r a f f i c accidents normally 
increase. 
C H A P T E R 7 
C l i m a t i c C l a s s i f i c a t i o n i n Egypt 
- 178 -
7.1 - I n t r o d u c t i o n 
By the l a t e nineteenth century the idea t h a t 
c limates might be c l a s s i f i e d on the basis of ve g e t a t i o n 
or p h y s i o l o g i c a l response was accepted, but i t was not 
u n t i l many years l a t e r t h a t the d i s t i n g u i s h e d meteor-
o l o g i s t and c l i m a t o l o g i s t rtladimir Koppen was able t o 
develop t h i s idea s u f f i c i e n t l y t o produce a u s e f u l and 
p r a c t i c a l c l a s s i f i c a t i o n employing r e a d i l y a v a i l a b l e 
c l i m a t i c v a r i a b l e s . Koppen f i r s t published h i s c l a s s i f -
i c a t i o n i n 1884, i n which some m o d i f i c a t i o n s were sub-
sequently made. The Kbppen system attempts t o r e l a t e 
v e g e t a t i o n development t o c e r t a i n monlRy values of 
temperature and p r e c i p i t a t i o n . I t does, 'however, have 
a number of f a u l t s i n c l u d i n g the f a c t t h a t inadequate 
concern i s given t o the veg e t a t i o n - l i m i t i n g v a r i a b l e s , 
such as water need i n r e l a t i o n t o supply, s o i l moisture 
storage, and a c t u a l e v a p o t r a n s p i r a t i o n . At the same time, 
i t only seeks t o define f a i r l y large c l i m a t i c regions 
which are, i n many cases, only p o o r l y r e l a t e d t o the 
major ve g e t a t i o n regions of the World. 
De-Martonne's c l a s s i f i c a t i o n (1926) i s a 
d e s c r i p t i v e type of c l a s s i f i c a t i o n where the boundaries 
are separated by use of an "Index of A r i d i t y " . This type 
of c l i m a t i c c l a s s i f i c a t i o n has also been used i n the 
present chapter. 
Carter and Mather (1966) suggested t h a t a common 
mistake i n c l i m a t i c c l a s s i f i c a t i o n 3s t o consider t h a t 
climates merely i d e n t i f y regions between the various 
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c l i m a t i c i s o l i n e s t h a t coincide w i t h the major v e g e t a t i o n 
boundaries on d i s t r i b u t i o n maps. I t i s the boundaries 
of the c l i m a t i c types r a t h e r than the core areas between 
i s o l i n e s t h a t should be the r e a l focus of a c l a s s i f i c -
a t i o n , and i t i s i n these regions t h a t recent major 
emphasis i n c l a s s i f i c a t i o n has produced the most s i g n i f i c -
ant r e s u l t s . Many c l i m a t i c c l a s s i f i c a t i o n s are judged 
on the basis of how w e l l the c l i m a t i c v a r i a b l e s accord 
w i t h the vegetation mapping. 
Carter believes there i s inadequate r e c o g n i t i o n 
of the f a c t t h a t a c l i m a t i c c l a s s i f i c a t i o n has a s p e c i a l 
i n t e l l e c t u a l s i g n i f i c a n c e by i t s e l f , based on how w e l l 
i t expresses those c l i m a t i c f a c t o r s considered t o be 
" a c t i v e " w i t h i n the p a r t i c u l a r group of n a t u r a l p h y s i c a l 
processes under i n v e s t i g a t i o n . While recognizing t h a t 
climate i n a l l i t s complexity i s never q u i t e the same 
from one place t o another, i t i s of l i t t l e value f o r 
c l a s s i f i c a t i o n purposes i f we are c o n t i n u a l l y concerned 
w i t h the minutiae of d i f f e r e n c e s between places. Rather 
we need t o work w i t h those c l i m a t i c f a c t o r s t h a t are 
capable of the same degree of broad g e n e r a l i z a t i o n of 
cat e g o r i z a t i o n . 
The water - budget approach became the basis 
of Thornthwaite's 19^8 c l i m a t i c c l a s s i f i c a t i o n . 
Thornthwaite's main c l a s s i f i c a t i o n which was based on 
p o t e n t i a l e v a p o t r a n s p i r a t i o n a l s o r e l i e d on i n f o r m a t i o n 
gleaned from vegetation and s o i l maps. Therefore, i n 
both Thornthwaite*s and Koppen's c l a s s i f i c a t i o n s e x t e r n a l 
f a c t o r s r e l a t e d t o , but not wholly i d e n t i f i a b l e w i t h , 
- 180 -
climate are employed. I d e a l l y what i s r e q u i r e d i s a 
c l a s s i f i c a t i o n having reference only t o c l i m a t i c data, 
and one which avoids any s u b j e c t i v e judgement i n d e l i m i t -
i n g the boundaries between d i f f e r e n t c l i m a t i c types. 
7.2 - Methods and analyses :-
I n the present chapter, c l i m a t i c c l a s s i f i c a t i o n s 
of Egypt have been made using three popular systems of 
c l a s s i f i c a t i o n . 
1 - Koppen's c l a s s i f i c a t i o n t-
This i s p r i m a r i l y based upon annual and monthly 
means of temperature and p r e c i p i t a t i o n . The l a t e s t scheme 
(1936) has been considered as the basis f o r c l i m a t i c 
c l a s s i f i c a t i o n i n the present chapter. The symbols used 
i n Koppen's c l a s s i f i c a t i o n are explained below. Only 
those symbols which are a p p l i c a b l e t o Egypt are included. 
Koppen used c a p i t a l l e t t e r s t o designate the major 
categories of c l i m a t e , such as 1 -
BW = A r i d climate or desert. 
BS = Semi-arid or steppe climate ( f o r precise d e f i n i t i o n s 
of the steppe and desert boundaries), the f o l l o w i n g 
formula was usud 1 -
O.M* t - 1M, r g 
Where r = annual r a i n f a l l , inches. 
t = average annual temperature, °F 













as f o l l o w s :-
h ( h e i s s ) = average annual temperature over 61J.4°E (l8°C) 
s = summer drought (For more d e t a i l s , see 
Trewartha, 1968). 
Based on the above system, the c l i m a t i c types 
o f Egypt have been worked out f o r the 5^ c l i m a t o l o g i c a l 
s t a t i o n s ( F i g . 7.1). This shows t h a t Egypt c o n s i s t s o f 
one type o f c l i m a t e . This i s as f o l l o w s :-
BWhs = A r i d c l i m a t e , i t i s n o t i c e d t h a t t h i s 
type extends over the whole area of the country. This 
i s because Egypt mainly experiences hot and a r i d c l i m a t e 
( F i g . 7.1). 
2 - De-Martonne's c l a s s i f i c a t i o n :-
De-Martonne has d e f i n e d the "Index of ArJdity" 
as the r a t i o between the annual p r e c i p i t a t i o n i n m i l l i -
metres and the mean annual temperatures i n degree 
centigrade plus t e n . The Index o f A r i d i t y , has been 
c a l c u l a t e d f o r the 5^ c l i m a t o l o g i c a l s t a t i o n s i n Egypt 
( F i g . 7.2). 
According t o De-Martonne's c l a s s i f i c a t i o n , the 
whole o f Egypt i s a r i d , except f o r the n o r t h e r n r e g i o n , 
where the "Index o f A r i d i t y " i s g r e a t e r than 6. The 














' I I n ? 
ft; 
L • e 
- I f f S f m g f E , 
* * • E t 6 I l t l l - t " c t l E 
•fjtfi&SHItiffilMH? 





t o the n o r t h and t o the north-west. The lowest value 
of the " A r i d i t y Index" i s 0.01 which occurs i n south 
and middle Egypt. The area of west Egypt l y i n g between 
25 and 30°N i s comparatively more a r i d than the r e s t of 
the country ( F i g . 7.2). 
3 - Thornthwaite's c l a s s i f i c a t i o n :-
I n Thornthwaite's system of c l i m a t i c c l a s s i f i c -
a t i o n the boundaries are established by using e m p i r i c a l or 
t h e o r e t i c a l formulae. Moreoever, two new c l i m a t i c con-
cepts, i . e . p r e c i p i t a t i o n e f f e c t i v e n e s s and temperature 
e f f i c i e n c y , are used i n t h i s system. 
Thornthwaite's c l a s s i f i c a t i o n i s l i k e Koppen's 
i n t h a t i t i s q u a n t i t a t i v e and attempts t o determine the 
c r i t i c a l c l i m a t i c l i m i t s s i g n i f i c a n t t o the d i s t r i b u t i o n 
of v e g e t a t i o n and also i n t h a t i t employs a symbolic 
nomenclature i n designating the c l i m a t i c types. I t 
d i f f e r s from Koppen's c l a s s i f i c a t i o n i n t h a t i t makes 
use of new c l i m a t i c concepts, namely p r e c i p i t a t i o n 
e f f e c t i v e n e s s and temperature e f f i c i a i c y (Thornthwaite, 
1933, p. *03). 
The Thornthwaite's P/E Index i s then obtained 
by adding the monthly P/E r a t i o as f o l l o w s 
12 
P/E Index = ^  n 5 ( P A - 10> n n-1 
Where P i s the monthly t o t a l p r e c i p i t a t i o n i n inches 
and T i s the mean d a i l y temperature f o r each month i n 
°F. This formula has been c a l c u l a t e d f o r the 5^ c l i m a t o l -
















ogical stations i n Egypt, and the r e s u l t s are shown 
i n Figure 7.3. On the basis of the P/E Index, two 
provinces have been defined. 
1. Semi-arid *D' (P/E Index between 16 and 32), 
t h i s zone includes only four stations on the coastal 
region. These are Kom El-Nadura; Dekheilaj Alexandria 
and Edfina stations (Pig. 7.3)• 
2. Arid 'E' (P/E Index less than 16), t h i s type 
covers the whole area of Egypt with the exception of 
the Alexandria region and the Edfina st a t i o n (Fig. 7.3)-
7.3 - Climatic c l a s s i f i c a t i o n of Egypt using factor 
analysis techniques i -
The use of factor analysis f o r the purposes 
of d e l i m i t i n g economic regions has been employed by 
Berry (1967) • Berry and Ray (1966) and others, Steir.er 
(1965) has used the factor analysis technique to c l a s s i f y 
the climate of the United States of America. He based 
his analysis on sixteen climatic variables f o r 67 
climatological stations using monthly data f o r the 
period 1931 to 1960. 
McBoyle (1971) has also c l a s s i f i e d the climate 
of Australia on the basis of factor loadings. He 
used twenty climatic variables on a monthly basis f o r 
the s i x t y - s i x climatic stations. Russel and Moore (1976) 
have used factor analysis techniques to c l a s s i f y the 
climate of both Australia and South Africa. Their 
c l a s s i f i c a t i o n was based on sixteen climatic variables 
- 18? -
on a monthly basis. 206 stations were used i n South 
Afric a and 91* i n Australia. Similar attempts have been 
made by the author to cla s s i f y the climate of Egypt. 
The following regionalization of the climate 
of Egypt has been obtained through factor analysis using 
solely climatic elements. The re s u l t i s a c l a s s i f i c a t i o n 
which i s easy to map and inte r p r e t on both large and 
small scales, giving a general, yet useful, end product 
which i s an e f f i c i e n t arrangement of the data i n as 
simple a form as possible. Starting with sixteen 
variables from each of the f i f t y - f o u r stations (Pig. 2.2), 
a matrix of simple correlations between the input v a r i -
ables was obtained (Table 7.b). 
The climatic data f o r the sixteen variables f o r 
each of the stations were obtained from the Meteorological 
Office at Cairo, for the period 1931 t o 1960. Mean 
monthly data were employed as input information. 
The variables used i n the analysis were i-
1. Mean annual temperature, °C. 
2. Average monthly mean temperature, °C, January. 
3. Average monthly minimum temperature, °C, January. 
Average monthly maximum temperature, °C, January. 
5. Average monthly mean temperature, °C, July. 
6. Average monthly minimum temperaturet°C, July. 
7. Average monthly maximum temperature, °C, July. 
8. Mean annual r e l a t i v e humidity, per cent. 
9. Average monthly r e l a t i v e humidity, per cent, January. 
10. Average monthly r e l a t i v e humidity, per cent, July. 
11. Mean annual p r e c i p i t a t i o n , mm. 
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12. Average monthly p r e c i p i t a t i o n , January, mm. 
13* Mean annual number of raindays (with 0.1 mm or 
more). 
14. Average monthly number of raindays, January. 
15' Temperature range, °C, (January - J u l y ) . 
16. Humidity r a t i o (July/January). 
The data derived from the Meteorological Office 
B u l l e t i n were subjected to factor analysis. Having 
evaluated a l l components with eigenvalues equal t o or 
greater than one, the computer output resulted i n a 
rotated factor solution with three factors explaining 
100% of the t o t a l v a r i a t i o n . I n order t o simplify the 
explanation of the factor structure a Varimax r o t a t i o n 
was applied. "From a mathematical viewpoint" says King 
(1969), "the r o t a t i o n of the factors can be viewed as a 
consequence of the indeterminacy of the solution". I n 
other words a r o t a t i o n i s applied i f there are many 
intermediate values between 0 and 1 and i f the values: 
are spread between two or more factors. Thus a r o t a t i o n 
attempts to elucidate the s i t u a t i o n by eliminating the 
intermediate values and giving a result that has most 
of the factor loadings either as high or low values 
(see Nie et a l . , 1975)- The most commonly used of these 
rotations i s the Varimax routine, which by a series of. 
orthogonal transformations of pairs of factors, seeks 
t o simplify the columns of the factor loading matrix 
(King, 1969). The factor scores of the rotated solution, 
the eigenvalues, and the percentage explanation of the 
t o t a l variance (or communality) of each of the three 
- 189 -
Table 7.a 
Matrix of Rotated Factor Loadings 
Factor Number I I I I I I 
Eigenvalue 11 .153 3-217 1.923 
Percentage of t o t a l 





-0.5928 - 0 . 5 5 1 8 C.5^67 1 T l 9 5 . ^ 8 
2 T 2 98 .60 -0.2143 - 0 . 0 7 5 5 0.9667 
3 T 3 71 .13 -0.6847 - 0 . 3 6 3 3 0.3324 
4 T 4 83-97 0.1866 0.1197 0.8891 
5 91 .30 - 0 . 6 6 2 7 -0.6568 0.2063 
6 T 6 84.57 -0.7486 - 0 . 4 9 5 1 -0.2004 
7 > T 7 82 .37 - 0 . 0 6 2 1 - 0 . 4 5 4 9 0.7829 
8 1 Hi 99 .05 0 .3577 0 .9205 0 .1229 
9 H 2 84.21 0.208. 0.8908 -0.0718 
10 H3 98.59 0 . 4 4 5 1 0.8668 0.1909 
11 P l 94 .05 0.9294 0.2642 0.0828 
12 PZ 92.59 0.9337 0.1948 0.1271 
13 p 3 9 5 . 5 1 0 .9299 0 .2960 0 .0533 
14 p 4 96 .53 0 .9336 0 .2930 0.0888 
15 T 8 61 .37 -O.5676 -0.4202 0 . 3 3 9 1 
16 H4 92 .70 0.9339 0.1959 0.1284 
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factors i s given i n Table 7.a. 
Factor 1 , explaining 6 8 . % of the t o t a l variance, 
i s the most important one. High loadings on t h i s factor 
are given by, January minimum temperature ( - 0 . 6 8 5 ), July 
mean temperature ( - 0 . 6 6 3 ) , July minimum temperature ( - 0 . 7 ^ 9 ) , 
mean annual r a i n f a l l ( 0 . 9 2 9 ) , mean January p r e c i p i t a t i o n 
(0 .93*0, mean annual number of raindays ^ 0.1mm ( 0 . 9 3 0 ) , 
January number of raindays (0.93*0 and humidity r a t i b i -
(July/January), (0.93*0-
Therefore, factor 1 appears to be a general index 
of "Precipitation" conditions with special emphasis on 
winter moisture and summer coolness. "The P r e c i p i t a t i o n 
Index", may be obtained from the following equations 
derived from the f i r s t factor loadings which are ^ 0 . 6 0 
(Table 7.a). 
Pre c i p i t a t i o n Index = - 0 . 6 8 T^ - 0 .66 T^ - 0 .75 Tg 
+ 0 .93 P x + 0 .93 P 2 + 0 .93 P 3 + 0 .93 P4 + 0 .93 H^ . 
Where T^ = Average monthly minimum temperature, °C, January. 
= Average monthly mean temperature, °C, July. 
Tg = Average monthly minimum temperature, °C, July. 
P^  = Mean annual p r e c i p i t a t i o n , mm. 
P 2 = Average p r e c i p i t a t i o n , January, mm. 
P^  = Mean annual number of raindays (with 0.L mm 
or more). 
PP^ = Average number of raindays, January. 
H^ = Humidity r a t i o (July/January). 
This equation has been calculated f o r the 5** 
19 
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climatic stations. The resul t s of t h i s calculation have 
been used as input values. The following i s example 
fo r three stations to show how t h i s equation has been 
used i -
Alexandria: -
Pre c i p i t a t i o n Index = - ( 0 . 6 8 x 9 - 3 ) - ( 0 . 6 6 x 2 6 . 1 ) 
- ( 0 . 7 5 x 2 2 . 7 ) + ( 0 . 9 3 x 1 9 2 . 1 ) 
+ ( 0 . 9 3 x 48 . 3 ) + ( 0 . 9 3 x 4?.2) 
+ ( 0 . 9 3 x 1 0 . 3 ) + ( 0 . 9 3 x 1 .0 ) 
= 237.4 
Tanta «-
Pre c i p i t a t i o n Index = - ( 0 . 6 8 x 6 . 0 ) - ( 0 . 6 6 x 2 6 . 8 ) 
- ( 0 . 7 5 x 1 9 . 1 ) + ( 0 . 9 3 x 4 5 . 5 ) 
+ ( 0 . 9 3 x 9 - 0 ) + ( 0 . 9 3 x 1 7 . 5 ) 
+ ( 0 . 9 3 x 4 , 1 ) + ( 0 . 9 3 x 0 . 8 ) 
= 3^ .7 
Aswan «-
Prec i p i t a t i o n Index = - ( 0 . 6 8 x 9 . 5 ) - ( 0 . 6 6 x 3 4 . 0 ) 
- ( 0 . 7 5 x 2 6 ; 1 ) + ( 0 . 9 3 x 1 .4 ) 
+ ( 0 . 9 3 x 0 . 1 ) + ( 0 . 9 3 x 0 . 8 ) 
+ ( 0 . 9 3 x 0 . 1 ) + ( 0 . 9 3 x 0 . 6 ) 
= - 4 5 . 7 
I n the factor scores of each of the 5^ climatic 
stations are mapped f o r the factor 1 and isolines drawn 
(Fig. 7 . 4 ) , the coastal areas are cl e a r l y seen as a 
separate region, (high positive f i g u r e s ) , p a r t i c u l a r l y 
- 19^ -
the area of north and north-west Egypt. 
The second factor explains 1 9 . 7 $ of the t o t a l 
variance. The high loadings of t h i s factor are the July 
average mean temperature ( - 0 . 6 5 7 )• the mean annual 
r e l a t i v e humidity ( 0 . 9 2 1 ) , the average monthly r e l a t i v e 
humidity i n January ( 0 . 8 9 1 ) and the average monthly 
r e l a t i v e humidity i n July ( 0 . 8 6 7 ) . As these factor 
loadings are high with regard to humidity values, the 
second factor i s termed the "Humidity Index". These 
high factor loadings have been calculated for the 54 
climatic stations using the following equation i -
Humidity Index = - 0 . 6 6 0 .92 ^ + 0 ,89 H 2 
+ 0 .87 H-j 
o 
Where T^ = July average mean temperature, C. 
= Mean annual r e l a t i v e humidity, per cent. 
Hg = Average r e l a t i v e humidity i n January, per cent 
= Average relative humidity i n July, per cent. 
Three stations have been calculated t o i l l u s t r a t e 
how t h i s technique has been used i -
Alexandria i -
Humidity Index = - 0 . 6 6 x 2 6 . 1 + 0 .92 x 70 + 
0 .89 x 71 + 0 .87 x 73 = 173-9 
Tanta i -
Humidity Index = - 0 . 6 6 x 2 6 . 8 + 0.92 x 59 + 
0 .89 x 70 + 0.87 x 59 = 150 .2 
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Aswan i -
Humidity Index = - 0 . 6 6 x 3^ .0 + 0 .92 x 27 + 
0 .89 x 38 .0 + 0 . 8 7 x 21 = $k.5 
The r e s u l t s of t h i s calculation f o r the 5k 
climatic stations i n Egypt are used as input values, 
and from these data isolines have been drawn (Pig. 7 - 5 ) . 
The Mediterranean areas are seen as a separate region. 
In the south a broad intermediate zone which i n the 
east p a r a l l e l s the Red Sea coast i s found before the 
low values of the southern desert regions are reached 
(Fig. 7 . 5 ) . 
F i n a l l y , factor 3 accounts for only 11.8JS of 
the t o t a l variance. January mean and maximum temperatures 
( 0 . 9 6 7 and 0 .889 respectively), and July maximum temper-
atures ( 0 . 7 8 3 ) give the highest factor loadings ^ 0 . 6 0 . 
This could, therefore, be called a "Temperature Index", 
with i t s emphasis on maximum temperatures i n both January 
and July. 
The "Temperature Index" may be obtained from 
the following equation 1 -
Temperature Index = 0 .97 T g + 0 .89 T^ + 0 .78 1^ 
Where T g = Average monthly mean temperature, January, °C. 
T^ = Average monthly maximum temperature, January, °C. 
= Average monthly maximum temperature, July, °C. 
The "Temperature Index" equation has been computed 
f o r the 5k climatic stations (Fig. 7 . 6 ) . The following 
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i s an example f o r three selected stations «-
Alexandria :-
Temperature Index = 0 .97 x 1 3 . 5 + O.89 x 18.3 + 
0 .78 x 2 9 . 6 = 5 2 . 5 
Tanta 1-
Temperature Index = 0 .97 x 1 2 . 8 + 0 .89 x 1 9 . 7 + 
0 .78 x 3^.5 = 5 6 . 8 
Aswan 1 -
Temperature Index = 0 . 97 x 16 .8 + 0 . 8 9 x 2k.2 
+ 0 .78 x *H.9 = 7 0 . 5 
The r e s u l t s of the calculation f o r each st a t i o n 
have been taken as input values to draw the is o l i n e s 
using "SYMAP" program (Fig. 7 . 6 ) . This figure shows 
cl e a r l y that the Mediterranean coastal region, the lower 
part of the Nile Valley, including the Delta, the Sinai 
peninsula and the Red Sea coastal zone are seen as a 
separate region characterized by low factor loadings. 
To the south of t h i s zone i s a narrow intermediate zone 
trending north-west t o south-east which separates the 
high factor loadings of the desert area from the coastal 
regions. 
7.** - Grouping of the climatological stations i -
The stations can be grouped on the basis of the 
s i m i l a r i t y of the factor loadings using the "Single 
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linkage tree" method of cluster analysis. This procedure 
has been used by Steiner ( 1 9 6 5 ) . He has grouped 67 
climatological stations i n the U.S. of America, based 
on the s i m i l a r i t y of the factor loadings recorded at 
each s t a t i o n . McBoyle ( 1971) has used the loadings of 
the three factors derived from the twenty climatic 
variables of the o r i g i n a l s i x t y - s i x climatic stations 
i n Australia as input variables. He t r i e d t o detect 
homogenous regions using factor loadings as a s i m i l a r i t y 
measure t o produce a complete Linkage tree. Russell and 
Moore ( 1976) have used the same technique and they pro-
duced a "Dendogram" se t t i n g out the hie r a r c h i c a l arrange-
ment of the 300 climatic stations i n Australia and South 
A f r i c a , based on t h e i r degree of s i m i l a r i t y i n terms of 
matrix cor r e l a t i o n c o e f f i c i e n t s . 
An attempt has been made by the present author 
t o i d e n t i f y homogenous climatological regions i n Egypt 
on the basis of the s i m i l a r i t y of the factor loadings, 
using the "Single linkage tree" method of cluster analysis 
(see, Ward, 1963 and E v e r i t t , 197*0. This technique 
produces a dendogram set t i n g out the hierarchical arrange-
ment of the climatological stations based on the degree 
of s i m i l a r i t y of the factor loadings (Fig. 7 . 7 ) . The 
loadings of the three feetors derived from the sixteen 
c l i m a t i c variables (Tables 7 .a) of the o r i g i n a l 5** 
c l i m a t i c stations (Fig. 2 . 2 ) have been used as input 
values. 
These are 1 -
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Factor 1 = -0.59 Tj_ - 0.21 Tg - 0.68 T^ + 0.19 T^ 
-0.66 - 0.75 T 6 - 0.06 T ? + O.36 H L 
+ 0.21 H 2 + 0.45 H 3 + 0.93 P x + 0.93 P 2 
+0.93 P3 + 0.93 P 4 - 0.57 T g + 0.93 
Factor 2 = -O.55 ? 1 - 0.08 T 2 - O.36 T^ 
+0.12 T^ - 0.66 - 0.50 Tg 
-0.^5 T ? + 0.92 H]^  + 0.89 H 2 
+ 0.87 + 0.26 P^^ + 0.19 P 2 + 0.30 P^  
+0.29 P^  - 0.4-2 Tg + 0.20 
Factor 3 = O.55 T1 + 0.97 T g + O.33 T^ + 0.89 T^ 
+0.21 T^ - 0.20 T 6 + 0.78 T ? + 0.12 ^ 
-0.07 H 2 + 0.19 + 0.08 P 1 + 0.13 P 2 
+0.05 P 3 + 0.09 P^  + 0.3^ Tg + 0.13 
These three factor loadings have been computed f o r 
each of the 5^ climatic stations i n Egypt. An example 
i s shown f o r the Alexandria s t a t i o n 1 -
Alexandria 
Factor 1 = -(0.59 x 20.2)-(0.21 x 13.5)-(0.68 x 9.3) 
+(0.19 x l8 .3 ) - (0.66 x 26.1)-(0.75 x 22.7) 
-(0.06 x 29 .6)-(0.36 x 70)+(0.21 x 71) 
+ (0.i+5 x 73M0.93 x 192.1)+(0.93 x 48 .3) 
+ (0.93 x *+7.2)+(0.93 x 10.3)-(0.57 x 12.6) 
+(0.93 x 1.0) = 290.12 
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- (0 .55 X 20.2)-(0.08 x 13 .5) - (0 .36 x 9 .3) 
+(0.12 X 18 . 3 ) - ( 0 . 6 6 x 26 . 1 ) - ( 0 . 5 0 x 22.7) 
- (0 .45 X 29.6)+(0.92 x 70)+(0.89 x 71) 
+(0.87 X 73)+(0.26 x 192.1)+(0.19 > c 48 . 3 ) 
+(0.30 X 4?.2)+(0.29 x 10.3)-(0.42 x 12.6) 
+(0.20 X 1.0) = 207.05 
(0 . 5 5 X 20.2)+(0.97 x 13 .5)+(0.33 x 9.3) 
+(0.89 X 18.3)+(0.21 x 26.1)-(0.20 x 22.7) 
+(0.78 X 29.6)+(0.12 x 70)-(0.07 x 71) 
+(0.19 X 73)+(0.08 x 192.1)+(0 . 13 3 c 48.3) 
+(0 . 0 5 X 47.2)+(0.09 x 10.3)+(0.34 x 12.6) 
+(0 . 13 X 1.0) = 114 .25 
The r e s u l t s of these f a c t o r s have been used a s 
the input data t o produce a linkage t r e e of the 54 
c l i m a t o l o g i c a l s t a t i o n s ( P i g . 7.7). 
The r e s u l t s i n d i c a t e t h a t two groups of s t a t i o n s 
can be i d e n t i f i e d a t the highest l e v e l ( F i g . 7.7). The 
f i r s t group i n c l u d e s the Mediterranean c o a s t a l and D e l t a 
s t a t i o n s . I n t h i s r e g i o n the climate i s mainly humid 
and wet i n winter and warm and dry i n summer. The 
second region covers the r e s t of Egypt south of C a i r o 
( F i g . 7.8). The climate of t h i s r e g i on i s of the d e s e r t 
type, which i s c h a r a c t e r i z e d by a warm and dry winter 
and very hot and dry summer. 
At the next l e v e l , f i v e sub-regions can be 
i d e n t i f i e d ( F i g . 7.7 and 7.9) «-
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L i s t of C l i m a t o l o g i c a l S t a t i o n s 
shown i n Figure 7. 7 
1 - SALLUM 28 - CAIRO 
2 - SIDI BARRANI 29 " EZBEKIA 
3 - MERSA MATRUH 30 - GIZA 
4 - DABAA 31 " HELWAN 
5 - KOM EL-NADURA 32.- SHAKSHUK 
6 - DEKHEILA 33 - FAYUM 
7 - ALEXANDRIA 34 - BENI SUEF 
8 - ROSETTA 35 - SAINT ANTONY 
9 - DAMIETTA 36 - MINYA 
10 - PORT SAID 37 - MALLAWI 
11 - EL-ARISH 38 - ASYUT 
12 - EDPINA 39 - SHANDWEEL 
13 - EL-SIRW 40 - NAG HAMMADI 
14 - SAKHA 41 - QENA 
15 - MANSURA 42 - LUXOR 
16 - DAMANHOUR 43 - KOMOMBO 
17 - WADI EL-NATRUN 44 - ASWAN 
18 - GEMMEIZA 45 - SIWA 
19 - TANTA 46 - BAHARIYA 
20 - SHEBIN EL-KOM 47-- FARAFRA 
21 - ZAGAZIG 48 - DAKHLA 
22 - FAYED 49 - KHARGA 
23 - ISMAILIA 50 - SUEZ 
24 - BANHA 51 - EL-TOR 
25 - KHANKA 52 - HURGHADA 
26 - DELTA BARRAGE 53 - QUSEIR 
27 - ALMAZA 54 - ABU EL-KIZAN 
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A - The f i r s t i n c l u d e s 14 s t a t i o n s mainly i n the D e l t a 
and along the e a s t e r n and western e x t r e m i t i e s of the 
Mediterranean c o a s t . The climate of t h i s zone i s mild 
w i n t e r with some r a i n and a warm dry, r a i n l e s s summer. 
B - The second sub-region covers the Mediterranean 
c o a s t a l a r e a to the west of the De l t a w i t h the exception 
of Sallum s t a t i o n , t h i s zone i s the wettest p a r t of the 
country as seen from the p r e c i p i t a t i o n index ( F i g . 7*9)• 
C - The t h i r d zone i n c l u d e s a l l the s t a t i o n s along the 
Red Sea coast, Suez Canal as w e l l a s the Fayum area and 
the N i l e V a l l e y to the south of C a i r o ( F i g . 7 . 9 ) . The 
climate of t h i s area i s g e n e r a l l y hot, but r a t h e r humid 
and r a i n l e s s . 
D - The fourt h zone extends to the south of the t h i r d 
sub-region trending north-west to south-east and separate 
the desert a r e a from the c o a s t a l r e g i o n s ( F i g . 7 -9 ) . 
E - The f i f t h sub-region i n c l u d e s Aswan and the f i v e 
oases i n the Western Desert. T h i s zone i s the h o t t e s t 
a r e a i n the country a s i l l u s t r a t e d by the temperature 
index ( F i g . 7*9). 
- 2 0 6 -
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S E C T I O N 2 
Chapter 8 - I n t r o d u c t i o n 
Chapter 9 - The Expansion of the C u l t i v a t e d Area 
and the Major Crops i n Egypt 
Chapter 10 - I r r i g a t i o n and Drainage i n Egypt 
C H A P T E R 8 
A g r i c u l t u r e i n Egypt 
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A g r i c u l t u r a l l y Egypt can be described as a g i a n t 
oasis s i t u a t e d w i t h i n the confines of the f l a t p l a i n s 
and d e l t a of the River M i l e , where c u l t i v a t i o n can only 
be c a r r i e d out w i t h the a i d of i r r i g a t i o n . Crop produc-
t i o n may be v i r t u a l l y continuous over the t o t a l c u l t i v a t e d 
area i f water i s a v a i l a b l e . The country has p r a c t i c a l l y 
no permanent pastures or f o r e s t s and owing t o the lack 
of r a i n and water almost 96j? of the land area of Egypt 
i s waste. 
The area t h a t can be c u l t i v a t e d i n the country 
depends e n t i r e l y on the a l t i t u d e of the land i n r e l a t i o n 
t o the height of the nearest water supply. Since the 
economic l i f t of water i s at present l i m i t e d i n Egypt t o 
about 20 metres (see Aboukhaled et a l . , 1975)• the t o t a l 
c u l t i v a t e d area i s estimated at 11 m i l l i o n feddans. About 
60% of Egypt's productive land i s located i n the Delta. 
Middle Egypt has about 20%, and Upper ^gypt about the 
same amount. 
8.1 - The a g r i c u l t u r a l seasons and r o t a t i o n :-
The a g r i c u l t u r a l year of Egypt i s d i v i d e d i n t o 
three seasons i n each of which p a r t i c u l a r crops can be 
sown ( F i g . 8 . 1 ) . However, w i t h the per e n n i a l i r r i g a t i o n 
system two crops per year can be grown on the same land 
i . e . w i n t e r crops (October t o A p r i l ) and summer crops 
( l a r g e l y between A p r i l and October), (Table 8.a). Some-
times a t h i r d crop may be grown on the same land; f o r 
example a crop of corn or m i l l e t can be obtained between 
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I n the wi n t e r season, which extends from mid-
October u n t i l l a t e December, the main crops t h a t may be 
grown are wheat, b a r l e y , clove r , beans, f l a x , onions and 
l e n t i l s . The summer season l a s t s from mid-January t i l l 
mid-June, and during i t c o t t o n , r i c e , sugar cane, sesame 
and m i l l e t are grown. By the beginning of J u l y the 'Nile. • 
season s t a r t s ( t h i s term r e f e r s t o the f l o o d season of 
the N i l e ) , l a s t i n g through u n t i l mid-August. Corn, m i l l e t 
and r i c e are the c h i e f crops grown during t h i s season 
( F i g . 8.1). 
Crop c u l t i v a t i o n mostly f o l l o w s a two or three 
year r o t a t i o n . With a two year r o t a t i o n a given crop i s 
grown on the same p l o t every other year, while w i t h a 
three year r o t a t i o n two years elapse before a given crop 
i s again c u l t i v a t e d on the same p l o t . 
According t o the two-year r o t a t i o n , w i n t e r crops 
( i n c l u d i n g cbver, wheat, beans, barl e y and f l a x ) take up 
about 50 per cent of the area. They are followed by 
summer or 'Nile.' crops, i . e . r i c e and maize. A p a r t of 
the area may be l e f t f a l l o w . I n the neighbourhood of 
towns and d i s t r i c t s , vegetables are included i n the r o t a -
t i o n as summer or ' N i l e ' crops. The other 50 per cent 
of the area i s e i t h e r c u l t i v a t e d w i t h clover (one c u t ) 
or l e f t f a l l o w u n t i l c u l t i v a t e d w i t h c o t t o n as a summer 
crop. 
I n the three-year r o t a t i o n the area i s d i v i d e d 
i n t o three equal p a r t s . The f i r s t i s e i t h e r sown w i t h 
clover (one c u t ) , or l e f t f a l l o w u n t i l c u l t i v a t e d w i t h 
- 213 -
c o t t o n . The second p a r t i s taken up by beans and/or 
cl o v e r . These crops are succeeded by maize and/or r i c e . 
The t h i r d p a r t i s sown w i t h wheat, b a r l e y and f l a x , f o l l o w -
ed by maize and/or r i c e . 
Both systems of r o t a t i o n are applied i n the Delta 
as w e l l as i n Middle Egypt. I n Upper Egypt sugar cane 
becomes the main crop and has a four-year r o t a t i o n . The 
sugar cane occupies one quarter of the land i n the f i r s t 
year; i n the second year one h a l f ; and i n the t h i r d and 
f o u r t h years three q u a r t e r s . The r e s t of the area i s e i t h e r 
c u l t i v a t e d w i t h w i n t e r crops succeeded by ' n i l e ' crops 
or w i t h c o t t o n , or l e f t f a l l o w succeeded by maize (For 
more d e t a i l s , see Nuttonson, 1961; Abd E l - I l a h , 1965; 
Clawson et a l . , 1971). 
8.2 - Agrarian reform :-
Three land reform measures i n 1952, 1961 and 1969 
d e a l t f i r s t w i t h the small number of lar g e landowners. 
This reform lowered the maximum holdi n g per f a m i l y t o 
100 feddans and i n d i v i d u a l ownership t o 50 feddans. Given 
the q u a l i t y of Egyot's land, 50 feddans i s a s u b s t a n t i a l 
h o l d i n g , and the general e f f e c t of land reform has been 
the d e s t r u c t i o n of a landed aristocracy? the s w e l l i n g 
of the ranks of those w i t h less than f i v e feddans; and 
the maintenance of the class of middle-range landowners 
of 10-50 feddans. By 1971, 850,000 feddans had been 
r e d i s t r i b u t e d t o 410,000 f a m i l i e s owning less than two 
feddans (Hagrass, 1972). 
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Cooperatives i n Egypt J -
A g r i c u l t u r a l cooperatives play a key r o l e i n 
Egypt at the present time. 
The a g r i c u l t u r a l cooperative s t r u c t u r e i s headed 
by the General Cooperative Organization ( F i g . 8.2). This 
body i s responsible f o r the promotion of the cooperative 
movement through the f o r m u l a t i o n of the general cooper-
a t i v e p o l i c y , the p r o v i s i o n of the r e q u i s i t e t e c h n i c a l 
and f i n a n c i a l help t o the cooperatives and the supervision 
of t h e i r a c t i v i t i e s . 
I n a d d i t i o n , r e a l i z i n g the importance of e f f i c i e n t 
management, each cooperative i s being provided w i t h a 
t r a i n e d a g r i c u l t u r a l supervisor w e l l versed i n l o c a l con-
d i t i o n s , an accountant f o r the disbursement and the c o l l e c -
t i o n of loans, and a c l e r k f o r a d m i n i s t r a t i v e matters and 
store-keeping. I t i s also provided w i t h ample o f f i c e , 
meeting and storage f a c i l i t i e s as w e l l as housing premises 
f o r the r e s i d e n t a g r i c u l t u r a l supervisors and other members 
of s t a f f ( A b d e l - I l a h , 1965 and Waterbury, 1974). 
I t i s not uncommon i n Egypt t o see labourers 
using ancient methods and t o o l s along w i t h some of the 
more modern farming techniques. There i s great dependence 
on the use of manpower and chemical f e r t i l i z e r s , but 
l i t t l e r e l i a n c e on the use of c u l t i v a t i n g or ha r v e s t i n g 
machinery. Regardless of the method of prod u c t i o n , farm-
i n g i s very i n t e n s i v e w i t h i r r i g a t i o n being e s s e n t i a l . 
The use of modern a g r i c u l t u r a l machinery i s l i m i t e d c h i e f l y 
t o the large cooperative farms under Governmental super-
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Figure 8.2 
Egyptian General A g r i c u l t u r a l 
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v i s i o n . 
8.3 - The s o i l s of Egypt :-
The c u l t i v a t e d s o i l s of Egypt are mainly a l l u v i a l 
i n o r i g i n and are g e n e r a l l y of a clayey nature d i f f e r i n g 
mainly i n the p r o p o r t i o n of the clay present. This type 
of s o i l c o n s t i t u t e s about 75£ of the area under c u l t i v a t i o n . 
Residual calcareous s o i l s e x i s t along Hie Mediterranean 
coast as w e l l as i n Fayum province. 
The various kinds of s o i l s of Egypt and t h e i r 
general d i s t r i b u t i o n are i n d i c a t e d i n the s o i l map of 
Egypt ( F i g . 8.3) (see El-Gabaly et a l . , 1969; Beaumont 
et a l . , 1976). The s o i l types of Egypt on the basis of 
t h e i r general c h a r a c t e r i s t i c s can be c l a s s i f i e d i n t o the 
f o l l o w i n g groups 
1. L i t h o s o l s 1 - These s o i l s cover a large p o r t i o n 
of the country (about 17%) and are found i n the Eastern 
Desert, south S i n a i and on the G i l f El-Kebir plateau ( F i g . 
8 . 3 ) . The p r o f i l e s of t h i s group are mainly shallow and 
stony, and possess only weaicLy developed horizons. Rock 
outcrops are common, and slopes n e a r l y everywhere steep. 
2. Limestone L i t h i c Ermolithosols 1 - This type 
i s mainly found on the c e n t r a l and n o r t h e r n p a r t s of The 
Western Desert, the c e n t r a l p art of S i n a i and the n o r t h 
east p o r t i o n of the Eastern Desert ( F i g . 8 . 3 ) . I t accounts 
f o r a quarter of a l l the s o i l s of the country. 
3. Sandstone L i t h i c Ermolithosols 1- These are 
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developed on the Nubian Sandstone and cover an area of 
about 20% of the country. These s o i l s are found mainly 
i n the southern part of the Western Desert ( F i g . 8.3). 
4. F l u v i o s o l s ( A l l u v i a l S o i l s ) 1 - These are 
formed from g e o l o g i c a l l y young m a t e r i a l s deposited by 
running water i n stream v a l l e y s , d e l t a s , or a t the foot 
of slopes. They are l e v e l , deep, bl a c k coloured and heavy 
to medium i n t e x t u r e . T h i s group of s o i l s i s c u l t i v a t e d 
and shown i n the D e l t a and throughout the Nile V a l l e y . 
These s o i l s however, cover only about 2.5% of the t o t a l 
a r e a of Egypt ( F i g . 8.3). 
A l l other s o i l types cover only very small p a r t s 
of the country (For more d e t a i l s , see Abd E l - L l a h , 1965s 
Hamdi, 1972; El-Gabaly et a l . , 1969s Clawson et a l . , 19715 
Beaumont et a l . , 1976 and o t h e r s ) . 
The s o i l s of the D e l t a and the N i l e V a l l e y :-
The s o i l s of the Delta and the N i l e V a l l e y are 
the most productive s o i l s i n Egypt. They c o n s i s t l a r g e l y 
of loams, clays, and sands. Loam s o i l s are mainly composed 
of s i l t deposited by the N i l e R i v e r , and heavy or l i g h t 
loams form the bulk of the c u l t i v a t e d s o i l s of Egypt. 
Clay s o i l s may occur i n small patches, while sandy s o i l s 
are p r i n c i p a l l y found s k i r t i n g the edges of the d e s e r t . 
The N i l e s i l t s - or mud, as i t i s sometimes c a l l e d 
have been famous f o r t h e i r f e r t i l i t y throughout recorded 
h i s t o r y . P a r t of t h i s f e r t i l i t y i s undoubtedly due to 
the f r e s h , weatherable minerals t h a t can serve as a source 
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of i n o r g a n i c n u t r i e n t s required by the p l a n t s . Another 
c o n t r i b u t i n g f a c t o r i s the high content of organic matter 
of the s i l t s when deposited. 
According to B a l l (1939)t the average organic 
matter content of the suspended matter of the N i l e R i v e r 
at C a i r o i n 192^-27 was 2.5$. T h i s organic f r a c t i o n had 
a carbon-to-nitrogen r a t i o of 11. Thus, good s u p p l i e s of 
nitrogen needed f o r plant growth are deposited along with 
the mineral n u t r i e n t s . One must conclude that the f e r t i l -
i t y of the a l l u v i a l s o i l s of Egypt i s due to the l o s s of 
f e r t i l e s o i l mainly i n E t h i o p i a (Glawson et a l . , 1971; 
Hamdi, 1972). I t should be pointed out that though the 
n a t u r a l f e r t i l i t y of the N i l e a l l u v i a l s o i l s i s j u s t l y 
world famous, i t i s not adequate f o r the sustained high 
l e v e l s of production a s s o c i a t e d with modern a g r i c u l t u r e . 
The l a c k of adequate d r a i n s and the overuse of 
i r r i g a t i o n water has l e d to high water t a b l e s i n many 
of the N i l e V a l l e y and De l t a s o i l s (See Schulze and de 
Ridder, 197*0. T h i s problem has become more acute s i n c e 
i t has become common to take more than one crop per year 
from the land (See I r r i g a t i o n and Drainage c h a p t e r ) . 
The nature of the a l l u v i a l D e l t a s o i l s , according 
to Money-Kyrle (1957)» i s a f f e c t e d by many f a c t o r s , the 
most important of which are the annual flood'which d e p o s i t s 
s i l t , the d i s t a n c e from the d e s e r t , the depth of the water 
t a b l e , drainage, the composition of the s i l t , and the type 
of i r r i g a t i o n and c u l t i v a t i o n (See Beaumont et a l . , 1976). 
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Money-Kyrle s t a t e s t h a t the composition of r i v e r 
water used to vary, according to the time of year, from 
700 to 1,600 P.P.m. of s o l i d matter and 130 to 212 P.P.m. 
of soluble s a l t s , ( P r i n c i p a l l y bicarbonates of calcium 
and magnesium). The water-table l e v e l has been r i s i n g 
because of seepage from c a n a l s and barrage ponds a s w e l l 
as due to ex c e s s i v e i r r i g a t i o n . Thus, he po i n t s out, i n 
1900 the f l o o d caused a r i s e i n the water-table from a 
depth of k metres to 2 metres, while i n 1950 the r i s e was 
from a depth of 1.7 metres t o 0.5 metres below the ground 
s u r f a c e . Schulze and de Ridder (197*0 have studied the 
r i s i n g water-table i n the west Nubarya area of Egypt and 
showed t h a t a f t e r i r r i g a t i o n s t a r t e d i n 1968, the water-
t a b l e g r a d u a l l y r o s e . Measurements taken over a period 
of three y e a r s (September, 1969 to September, 1972) r e -
vealed t h a t i n certain p l a c e s the water-table rose by as 
much a s 12 metres, or an average of b metres per year and 
at the present time i s found l o c a l l y a t depths of no more 
than 3 metres below ground s u r f a c e . The high water-table 
l i m i t s root growth and causes many s o i l changes. When the 
water-table i s near the s u r f a c e , water moves upwards by 
c a p i l l a r i t y , c a r r y i n g s a l t from deeper l a y e r s . As the 
water evaporates, s a l t i s deposited, forming s a l i n e s o i l s 
such a s those e x i s t i n g i n the northern part of the D e l t a . 
Under c e r t a i n c o n d i t i o n s these s o i l s become a l k a l i n e . 
A t t a r and Jackson (1973) have s t u d i e s the mont-
m o r i l l o n i t i c s o i l s developed on the N i l e R i v e r sediments. 
They showed t h a t the t e x t u r e of samples of N i l e a l l u v i u m 
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s o i l s urface down the p r o f i l e ( F i g . 8.*0. As i s c h a r a c t e r -
i s t i c of stream sediments l a i d down under v a r i a b l e water 
v e l o c i t i e s and loads, the N i l e and D e l t a l a c u s t r i n a l s o i l s 
have a clayey t e x t u r e , except f o r those c l o s e to the 
desert or those containing remnants of marine f o s s i l s h e l l s 
known as " t u r t l e b a c k s " . 
The s o i l s of the Delta and the N i l e V a l l e y have 
a l s o been studied by Hamdi (1972). He d i v i d e d these s o i l s 
i n t o f i v e groups. These are t -
1. Stream Alluvium :- T h i s group i s l o c a t e d i n 
the N i l e V a l l e y and the southern part of the D e l t a . These 
s o i l s are sandy c l a y loam to c l a y loam. 
2. Marine Alluvium t - The s o i l s of t h i s group 
cover the area t o the north-west of the Rosetta Branch 
and are a l s o found i n the neighbourhood of the northern 
l a k e s . The main area covered by t h i s group r e p r e s e n t s a 
depression between the Western Desert and the D e l t a proper. 
The s o i l p r o f i l e s are c h a r a c t e r i z e d by the presence of 
appreciable amounts of Ca CO^ (30%) and gypsum v e i n s . 
3. Desert Alluvium «- The s o i l s of t h i s group 
are found i n the e a s t e r n part of the D e l t a . They are man-
made s o i l s produced through a g r i c u l t u r e p r a c t i c e s using 
i r r i g a t i o n with water r i c h i n N i l e suspended matter. 
These are sandy and loamy s o i l s . 
L i t h o s o l s i — These s o i l s are found i n the 
Fayum Depression. 
5. Regosols i - T h i s group c o n s i s t s of sand dunes 
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or unconsolidated bedrock l o c a t e d near the Mediterranean 
coast and i n the Fayum Depression. 
The s a l i n i t y of the D e l t a and N i l e s o i l s :-
In the northern h a l f of the d e l t a as w e l l as i n 
the Fayum province, the s a l t content of the s o i l e x e r t s 
a major i n f l u e n c e on c u l t i v a t i o n . I t i s r e l a t e d i n the 
Fayum area to inadequate i n t e r n a l drainage to Lake Qarun 
which l i e s below sea l e v e l . I n the northern h a l f of the 
Delta s a l i n i t y i s connected with the formation of ' b e r a r i * , 
(swamps), the low l y i n g nature of the land and p e r e n n i a l 
i r r i g a t i o n . Good c u l t i v a t e d land has an average s a l t 
content of about 0.3 per cent and medium land 0.5 per cent. 
Poorly land has a s a l t of 0.8 per cent and barren land 
may contain anything up to 25 per cent s a l t (Hamdan, 1961). 
The gradual t r a n s i t i o n from good land i n the south through 
medium to bad and barren i n the north of the Delta region 
i s a fundamental feature of the c u l t i v a t e d area of Egypt. 
The l e s s porous and permeable black s o i l s favour c a p i l l a r y 
a t t r a c t i o n more than the sandy s o i l s , hence the r i s e of the 
water-table (Connected with p e r e n n i a l i r r i g a t i o n and 
neglected drainage) i s accompanied by more s a l t e fflores-
cences and s a l i n i z a t i o n i n the northern D e l t a a r e a . 
Drar (1953), s t a t e s that s o i l s impregnated with 
s a l t are found i n the Delta and the Fayum region and that 
a l k a l i land occurs around the lower edge of the Delta 
from Alexandria i n the west to beyond the Suez Canal i n 
the E a s t . S a l t a f f e c t e d regions are a l s o found i n some 
d i s t r i c t s of Upper Egypt. The formation of a l k a l i s o i l s 
i s , according to Drar the r e s u l t of :-
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A - The change from "basin to p e r e n n i a l i r r i g a t i o n 
without the p r o v i s i o n f o r s u f f i c i e n t drainage. 
B - Water seepage through the banks of high l e v e l 
c a n a l s . The formation.of a l k a l i n e s o i l s i s encouraged 
when drainage i s poor. With good drainage, s a l t s do 
not accumulate and the s o i l s remain f e r t i l e (For more 
d e t a i l s , see Clawson et a l . , 1971 s Hamdi, 1972; Aboukhaled 
et a l . , 1975; Waterbury, 197*0-
The f o l l o w i n g s e c t i o n i s comprised of two main 
chapters. The f i r s t c onsiders the major crops and the 
expansion of the new c u l t i v a t e d lands i n Egypt. 125 
d i s t r i c t s ( F i g«8.5 and 8.6) and 19 governorates ( F i g . 8.7) 
have been used i n t h i s a n a l y s i s . 
The second main chapter a n a l y s e s the i r r i g a t i o n 
and drainage i n Egypt. I r r i g a t i o n requirements f o r the 
major crops are obtained using the Penman equation and 
the Blaney and C r i d d l e formula. 
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Fig.8-6 ADMINISTRATIVE AREAS 
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C H A P T E R 9 
The Expansion of the C u l t i v a t e d Area and the 
the Major Crops i n Egypt 
- 229 -
9.1 - Expansion of the c u l t i v a t e d area i n Egypt i -
Before the c o n s t r u c t i o n of the Aswan High Dam 
(Sadd E l - A a l i ) , the water from the N i l e could i r r i g a t e 
l i t t l e more than s i x m i l l i o n feddans. Apart from some 
minor c u l t i v a t e d a r e a s i n oases i n the Western Desert 
and along the northwest coast ( F i g . 9.1), t h i s f i g u r e 
represented most of the c u l t i v a t e d area of Egypt i n the 
e a r l y 1960's. 
Table 9.a shows c l e a r l y t h a t up to 1970 more than 
880,000 feddans had been reclaimed f o r c u l t i v a t i o n using 
N i l e water and most of t h i s area was a l r e a d y producing 
crops. More than k8fo of the newly c u l t i v a t e d lands were 
i n Buheira and K a f r ash Shaykh governorates (Table 9.a) . 
I t can a l s o be seen t h a t the y e a r s of 196^ and 1965 were 
the ones which saw the reclamation of the highest per cent 
of land. During these y e a r s the f i g u r e s were 18.03% and 
15^9% r e s p e c t i v e l y . The main reason f o r t h i s expansion 
was the a d d i t i o n a l water made a v a i l a b l e by the Aswan High 
Dam., 
The c h i e f f e a t u r e s of the expansion of c u l t i v a t i o n 
i n Egypt from 1960 to 1980 and the major rec l a m a t i o n schemes 
are included i n F i g u r e 9.1• These schemes have a l r e a d y 
been d i s c u s s e d by F i e l d (1973); Mountjoy (1972); Naur 
EL-Din (1968); Schulze and de Ridder (197*0; Beaumont et 
a l . (1976); F i s h e r (1971); Waterbury (197*0- The two major 
schemes f o r the expansion of farmland by d e s e r t reclamation, 
the T a h r i r ( L i b e r a t i o n ) province and the New V a l l e y p r o j e c t 
w i l l be d i s c u s s e d i n the f o l l o w i n g pages. 
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A - T a h r i r ( L i b e r a t i o n ) province i -
T h i s major reclamation scheme, i s l o c a t e d i n the 
desert a t the western edge of the D e l t a midway between 
C a i r o and Alexandria ( F i g . 9.1). The somewhat grandiose 
t i t l e " L i b e r a t i o n province" has been given to t h i s p r o j e c t , 
which was put under army d i r e c t i o n and began a s something 
of a m i l i t a r y operation. Reclamation and settlement 
proceeds i n two s e c t o r s , termed the southern and the 
northern s e c t o r s . The southern s e c t o r r e l i e s on water 
from the N i l e and from numerous w e l l s . I n t h i s s e c t o r 
the s o i l s are sandy and have proved l e s s responsive than 
had been hoped. I n the northern sedbor s o i l s are h i g h l y 
c a l c a r e o u s with a calcium carbonate content v a r y i n g from 
20 to 50 per cent. L o c a l l y they are s l i g h t l y s a l i n e , but 
s a l i n i t y i s not considered to be a major problem as the 
h y d r a u l i c c o n d u c t i v i t y i s r a t h e r high and sodium i s not 
dominant. They have, i n general, a low f e r t i l i t y and t h e i r 
water a v a i l a b i l i t y i s very l i m i t e d . To improve the s t r u c -
t u r e of the s o i l s and to i n c r e a s e t h e i r content of organic 
matter, a l f a l f a i s c u l t i v a t e d during the f i r s t three t o 
f i v e y e a r s . I n t h i s period the s a l i n i t y content should 
drop to l e v e l s acceptable f o r normal c u l t i v a t i o n . The 
northern s e c t o r area depends on water from the Nubarya 
c a n a l , whose water l e v e l i s from k to 5 m above mean sea 
l e v e l . Since the p r o j e c t area west of the c a n a l r i s e s 
g r a d u a l l y to e l e v a t i o n s a s high as 10 to 50 metres above 
mean sea l e v e l , a l l the water needed f o r i r r i g a t i o n i s 
pumped t o these e l e v a t i o n s by a s e r i e s of e l e c t r i c a l ' 
pumping s t a t i o n s ( F i . g 9.2) (Schulze and de Ridder, 197*0. 
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Work on the project was begun i n 1952 and by 1972 over 
150 ,000 feddans had been reclaimed and 25 ,000 people had. 
been established i n seven v i l l a g e s (Beaumont et a l . , 1976; 
Mount joy, 1972 and Schulze and de Ridder, 197*0. 
B - The New Valley project :-
The New Valley project i s the name given t o f i v e 
main oases ly i n g i n the eastern part of the Sahara and 
running from south to north almost p a r a l l e l t o the Nile 
River. Their names from south to north arei Kharga, 
Dakhla, Farafra, Bahariya and Siwa (Fig. 9 . 1 ) . These 
oases are depressions of ir r e g u l a r shape. The southern 
most oasis of Kharga l i e s between l a t i t u d e s 2k° 20 N 
and 26° 00 N and between longitudes 30° 00 E and 3 0 ° 50 E. 
I t s main axis trends north-south f o r a distance of about 
170 km. The width of the depression i s approximately 50 
km. This oasis i s connected t o the Nile Valley by an 
asphalt road. The remaining four oases vary i n shape and 
alignment (Fig. 9 - 1 ) • 
Water supplies i n t h i s valley are obtained from 
artesian wells 300 to 600 metres deep drawing on the vast 
natural water supplies which exist i n the Nubian Sandstones. 
The irriga t i o n p o t e n t i a l of t h i s water may have been 
exaggerated (Hammad, 1970; Fisher, 1 9 7 1 ; Himida, 1970 
and Beaumont et a l . , 1 9 7 6 ) , but there seems to be a reason-
able prospect of c u l t i v a t i n g some ^00 ,000 feddans of the 
le v e l sandy s o i l of the New Valley. A proposal t o bring 
water t o the southern parts of Kharga direct from Lake 
Nasser by underground canal could greatly increase t h i s 
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amount. I n 1972 only about 50 ,000 feddans had been 
reclaimed and cu l t i v a t e d , c h i e f l y i n the Kharga and 
Dakhla oases. 
Hammad (1970) studied the ground water p o t e n t i a l -
i t i e s i n the African Sahara and the Nile Valley. He con-
cluded that the Kharga oasis i s receiving a steady guaran-
teed recharge of 17^ ,000 which flows t o the ground 
surface through wells under artesian pressure. Water i s 
also being drawn from storage at a d a i l y rate of 96 ,000 
nrVday. This l a t t e r quantity i s smaller than the steady 
recharge and i s declining with time. I t can only be 
exploited f o r temporary land expansion. The i n s t a l l a t i o n 
of pumps i n the Kharga wells has increased t h e i r discharge 
by about 15$ under reasoi*le working conditions. 
The Dakhla oasis i s drawing a steady guaranteed 
recharge of 38^ ,000 m-'/day which flows t o the ground sur-
face through wells under artesian pressure. I t i s also 
drawing from storage an extra d a i l y discharge of 86 ,000 
m^/day. This l a t t e r amount w i l l decrease with time. The 
i n s t a l l a t i o n of pumps i n the Dakhla wells has increased 
t h e i r discharge by about 7#. 
At present the free flow discharge of Kharga can 
i r r i g a t e a culti v a t e d area of about 10 ,500 feddans at a 
d a i l y consumption of 20 m /feddan. The corresponding area 
which can be i r r i g a t e d at the Dakhla oasis i s 22 ,000 feddans. 
The ground water resources of the New Valley area 
are generally l i m i t e d . Consequently very e f f i c i e n t 
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i r r i g a t i o n practices w i l l have to be used, and crops 
which need l i t t l e water consumption must be chosen. There 
i s at present considerable wastage of the valuable water 
resources. ReMed to the problem of improving i r r i g a t i o n 
practices i s the problem of c o n t r o l l i n g the s a l i n i t y of 
the s o i l i n the oases through e f f i c i e n t drainage. This 
i s because the ground water contains a r e l a t i v e l y high 
percentage of salt (For more d e t a i l s , see Himida. 1970; 
Hammad, 1970; Lamoreaux, 1 9 6 2 ) . 
The t o t a l area of the depressions i s estimated 
by the Executive Agency fo r Desert Projects (E.A.D.P.) 
at eight m i l l i o n feddans. I t i s hoped that up to 25fo of 
t h i s area may be reclaimed using subterranean water supplies. 
I t represents i n effect the creation of a second i r r i g a t e d 
v alley alongside the Nile Valley t o produce more food 
crops to supply the population's food demands. 
9 .2 - The major crops i n Egypt s-
The major crops i n Egypt at the present day are 
cotton, wheat, maize, sugar cane and r i c e . Clover, beans, 
sesame, l e n t i l s , fenugreek and f l a x are of lesser import-
ance. The main crops are grown throughout the whole of 
the Nile Valley and Delta areas, whereas the less import-
ant crops tend to be more localized i n t h e i r d i s t r i b u t i o n . 
Cotton i s the p r i n c i p a l cash crop of Egypt and 
i s the main source of foreign exchange. The average 
cotton y i e l d f o r each d i s t r i c t i s graphed (Figs. 9 .3 and 
9 ^ ) i f o r the years 1965 and 1966. These years have been 
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selected as they are the only two years f o r which data • 
on crop yields f o r 125 d i s t r i c t s are available. These 
figures show cle a r l y that the highest average yields were 
produced i n Middle and Upper Egypt, whilst the lowest 
average yields were found i n the northern part of the 
country and i n the extreme south. The spread of cotton 
c u l t i v a t i o n i n t o the newly reclaimed lands was cl e a r l y 
one of the causes of t h i s drop i n average y i e l d i n the 
northern Delta area. I n the new lands the s o i l i s mostly 
sandy or calcareous and i n either case i s unsuited t o the 
t r a d i t i o n a l crops of the valley, mainly wheat, maize and 
r i c e . When such crops have been planted t h e i r yields are 
much lower than the yields i n the old lands. I n addition, 
the drainage systems of the newlands have not always been 
well-planned, and s a l i n i t y has become a serious problem 
(Waterbury, 1 9 7 ^ ) t The second cause of low yields was 
a drop i n r e a l f e r t i l i t y due to progressive s o i l deterior-
a t i o n . A r i s e i n the water-table caused by the extension 
of perennial i r r i g a t i o n can also cause serious c u l t i v a t i o n 
problems (Schulze and de Ridder, 1 9 7 ^ ) . The fourth cause 
was the spread of the pink b o l l worm i n 1965 and 1966 ( A l -
D i d i , 1 9 7 3 ) . 
Wheat i s Egypt's p r i n c i p a l winter crop and normally 
accounts f o r 15$ of the crop area of the country. Wheat 
i s grown i n Egypt on about 1 ,300,000 feddans of land each 
year. The average wheat yield/feddan i n each d i s t r i c t 
over the whole of the country has been pl o t t e d f o r the 
years 1965 and 1966 (Figs. 9 .5 and 9 . 6 ) . These figures 
show cl e a r l y that the highest average yield/feddan occurred 
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i n the Kafr Shukr d i s t r i c t (Qalyubiya governorate) and 
was 1485.0 kg/fed. and 1528.5 kg/fed. i n 1965 and 1966 
respectively. I n Middle Egypt, the highest average y i e l d 
occurred i n the Matai d i s t r i c t (Minya governorate) and was 
1398.0 kg/fed. i n 1965 and 1453.5 kg/fed. i n 1966. I n 
Upper Egypt the highest average y i e l d occurred i n the 
Abnub d i s t r i c t (Asyut governorate) and was 1455*0 kg/fed. 
i n 1965 and 1386.O kg/fed. i n 1966. The lowest average 
wheat y i e l d occurred i n the El-Burullus d i s t r i c t (Kafr 
ash Shaykh governorate) and was 541.5 kg/fed. i n 1965. 
The main factor here for low yields are thoughtto be saline 
and alkaline s o i l conditions. 
Maize i s the food of the f e l l a h and, i n order -feo 
guarantee his da i l y bread, i s the f i r s t item i n his r o t a -
t i o n . The maize crop i s the p r i n c i p a l staple food crop 
i n the r u r a l areas of Egypt (Hamdan, 1 9 6 1 , p. 1 3 0 ) . Maize 
yiel d s for each d i s t r i c t f o r the whole of the country are 
i l l u s t r a t e d (Figs. 9 .7 and 9 . 8 ) f o r the years 1965 and 
1966. I t can be seen that the highest maize yields recorded 
i n the Delta region are 2385 .0 kg/fed. i n 1966 i n the 
El-Bagur d i s t r i c t (Minufiya governorate), and between 
2250.0 and 2400.0 kg/fed. respectively i n a number of 
d i s t r i c t s i n the Asyut and Sohag governorates i n Upper 
Egypt. These high yields can be explained by several 
fa c t o r s , such as climatic conditions, the plant type used, 
s o i l conditions, special management inputs and the density 
of population which i s very high i n these d i s t r i c t . The 
lowest maize y i e l d was recorded at Aswan and was 69O.O 
kg/fed. i n 1965 (Fig. 9 . 7 ) . 
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The most important feature of recent years has * 
been the great increase of rice-growing, which developed 
as more i r r i g a t i o n water became available from the High 
Dam f o r reclamation schemes. The production of r i c e i s 
confined mainly to the northerly areas of the country 
(Delta and Middle Egypt). There are many factors t o 
explain t h i s f a c t , i . e . optimum climatological conditions, 
especially temperature and r e l a t i v e humidity conditions, 
s o i l texture and population density which i s higher i n 
the Delta area than i n Upper and Middle Egypt. The average 
yields of r i c e i n 1965 and 1966 f o r each d i s t r i c t are 
shown i n Figure 9 . 9 . I t i s noticed that the highest 
average r i c e y i e l d / f e d . recorded i n the El-Shuhada d i s t r i c t 
(Minufiya governorate) was 36000 kg/fed. i n 1965 (Fig. 9 . 9 ) . 
Sugar cane i s the main source of sugar i n Egypt 
and i t i s the oldest i n d u s t r i a l crop (Hamdan, 1 9 6 1 , p. 
1 3 1 ) . Sugar cane i s t y p i c a l l y a crop of the t r o p i c a l 
and subtropical regions, and requires mean temperatures 
of about 20°C i n order to t h r i v e . I t i s a perennial, 
that requires eight t o twenty four months growth to 
produce a crop (Arnon, 1972, p. ^ 6 3 ) . Because of these 
conditions some 9 3 . 6 $ of the t o t a l crop area of sugar 
cane i s concentrated i n Upper Egypt, where two regions, 
Minya and Qena-Aswan, account f o r 85$ of the t o t a l national 
area. Qena alone accounts f o r 53 per cent. I n the l a s t 
century sugar cane culture was centred i n Minya, but now 
a d e f i n i t e s h i f t has taken place towards the f a r south 
no doubt i n search of higher temperatures (Hamdan, 1 9 6 1 , 
p. 1 3 2 ) . 
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The sugar cane y i e l d s i n each d i s t r i c t have been 
p l o t t e d f o r the years 1965 and 1966 ( F i g s . 9.10 and 9.11). 
These f i g u r e s show c l e a r l y t h a t the highest y i e l d s of 
sugar cane occurred i n the Qena, Aswan and Minya d i s t r i c t s , 
w hile much lower y i e l d s are found i n the D e l t a . The 
highest average y i e l d s / f e d . were 4-9550.0 and 451500 kg/fed. 
which occurred a t El-Balyana and Qena d i s t r i c t s r e s p e c t -
i v e l y i n 1965. I n I966 the highest average y i e l d s / f e d . 
occurred i n the same d i s t r i c t s and were 49500.0 and 
46850.0 kg/fed. r e s p e c t i v e l y ( F i g s . 9.10 and 9.11). 
9-3 - S t a t i s t i c a l a n a l y s i s :-
Lorenz Curves have been drawn i n Figure 9.12 
to show the r e l a t i o n s h i p between the t o t a l area under 
c u l t i v a t i o n i n Egypt i n 1973 and the areas under the 
major crops. These are cotton, r i c e , wheat, sugar cane 
and maize. 
Table 9«b and Figure 9.12 show c l e a r l y t h a t 
sugar cane i s concentrated i n Upper Egypt and r i c e i s 
concentrated i n Lower Egypt, while the other major crops 
are widely d i s t r i b u t e d throughout the country. These 
f a c t s are obtained a l s o from Lorenz's index of concen-
t r a t i o n . The index may be found by :-
A - R 
I = 
M - R 
Where I i s the index of concentration 
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R i s the r e g i o n a l cumulative percentage t o t a l 
M i s the maximum cumulative percentage t o t a l 
assuming 100$ of the frequencies i n Rank (1) (see 
Hammond et a l . , 1974, p. 20). 
I n our data R i s (1355) and M, because we have 
19 c a t e g o r i e s , i s 1900. 
Indexes f o r cotton, r i c e , wheat, sugar cane 
and maize are t h e r e f o r e !-
I Cotton = = 0.19 
I R i c e = = 0.65 
145 8 - 1355 
1900 - 1355 
1709 - 1355 
1900 - 1355 
1365 - 1355 
1900 - 1355 
1797 - 1355 
1900 - 1355 
1484 - 1355 
I Wheat = = 0.02 
I Sugar = = 0.81 
cane 
I Maize = = 0.24 
1900 - 1355 
The indexes show marked concentrations of sugar 
cane (81) and r i c e (65) production i n t o two or three 
main governorates (Table 9«b). 
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Table 9.b 








t o t a l 
Cumul-
a t i v e 
to 
1 Daqahliya 239172 14.9 14.9 
2 Buheira 186848 11.7 26.6 
3 Sharqiya 172182 10.8 37.^ 
4 Minya 162908 10.2 47.6 
5 Gharbiya 150727 9.4 57-0 
6 Ka f r ash Shaykh 134288 8.4 65.4 
7 Asyut 102829 6.4 71.8 
8 Sohag 97675 6.1 77-9 
9 Beni Suef 910^3 5.7 83.6 
10 Minufiya 88240 5-5 89.1 
11 Fayum 76795 4.8 93.9 
12 . Qalyubiya 39847 2.5 96.4 
13 Damietta 24595 1.6 98.0 
1'+ Qena 21811 1.2 99.2 
15 G i z a 7232 0.5 99.7 
16 Alexandria 3303 0.2 99.9 
17 I s m a i l i a 606 0.1 100.0 
18 Aswan 10 0.0 100.0 
19 Suez _ 0.0 100.0 
T o t a l 1600122 100.0 1458.4 
Approx. 
t o t a l 
, ( 1 W 
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t o t a l 
Cumul-
a t i v e 
% 
1 Daqahliya 258586 25.9 25.9 
2 Ka f r ash Shaykh 220767 22.2 48.1 
3 Buheira 183521 18.4 66.5 
4 Sharqiya 173269 17.5 84.0 
5 Gharbiya 79593 8.0 92.0 
6 Damietta 44255 4.5 96.5 
7 Fayum 16395 1.6 98.1 
8 Qalyubiya 7467 0.8 98.9 
9 Alexandria 4027 0.4 99-3 
10 I s m a i l i a 3345 0.3 99-6 
11 Minufiya 1478 0.2 99.8 
12 Minya 997 0.1 99-9 
13 Giza' 903 0.1 100.0 
14 Beni Suef 414 0.0 100.0 
15 Suez 154 0.0 100.0 
16 Qena 131 0.0 100.0 
17 Asyut 0.0 0.0 100.0 
18 Sohag 0.0 0.0 100.0 
19 Aswan 0.0 0.0 100.0 
T o t a l 995302 100.0 1708.6 
Approx. 
t o t a l 
(1709) 
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Table 9.b Continued 




crop i n 
feddan 
of 




1 Sharqiya 194432 14.9 14.9 
2 Minufiya 178351 13.7 28.6 
3 Buheira 174398 13.4 42.0 
4 Minya 157942 12.1 54.1 
5 Gharbiya 116622 8.9 63.O 
6 Qalyubiya 91026 7-0 70.0 
7 K a f r ash Shaykh 75926 5.8 75.8 
8 Daqahliya 70260 5-4 81.2 
9 G i z a 64995 5-0 86.2 
10 Beni Suef 46742 3.6 89.8 
11 Asyut 32927 2.5 92.3 
12 Sohag 30147 2.3 94.6 
13 Qena 28925 2.2 96.8 
14 Fa yum 11061 0.8 97.6 
15 I s m a i l i a 10172 0.8 98.4 
16 Alexandria 9156 0.7 99.1 
17 Damietta 6555 0.5 99.6 
18 Aswan 2267 0.3 99.9 
19 Suez 1176 0.1 100.0 
T o t a l 1303079 100.0 1483.9 
Ap.prox. 
t o t a l 
(1484) 
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t o t a l 
Cumul-
a t i v e 
% 
1 Qena 116113 57.6 57.6 
2 Aswan 47528 23.4 81.0 
3 Minya 22384 11.1 92.1 
4 G i z a 2219 1.1 93-2 
5 Sohag 2208 1.1 94.3 
6 Asyut 1854 0.9 95-2 
7 Buheira 1767 0.9 96.1 
8 Minufiya 133^ 0.7 96.8 
9 . Daqahliya 1143 0.6 97.^ 
10 K a f r ash Shaykh 1112 0.6 98.0 
11 Damietta 823 0.4 98.4 
12 Beni Suef 760 0.4 98.8 
13 Qalyubiya 695 0.3 99.1 
14 Gharbiya 593 0.3 99.^ 
15 Alexandria 417 0.2 99.6 
16 Fayum 387 0.2 99.8 
17 Sharqiya 328 0.2 100.0 
18 I s m a i l i a 31 0.0 100.0 
19 Suez 23 0.0 100.0 
T o t a l 201717 100.0 1796.8 Ap.prox. 
t o t a l 
(1797) 
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1 Sharqiya 141763 11.4 11.4 
2 Daqahliya 134663 10.8 22.2 
3 Buheira 125836 10.1 32.3 
4 Sohag 105938 8.5 40.8 
5 Qena 93245 7.5 48.3 
6 Kafr ash Shaykh 92634 7.4 55.7 
7 Gharbiya i 91053 7-3 63.O 
8 Minufiya 79340 6.4 69.4 
9 Minya 79092 6.3 75.7 
10 Asyut 74359 5-9 81.6 
11 Fayum 73899 5.9 87.5 
12 Beni Suef 45612 3.7 91.2 
13 Qalyubiya 34066 2.7 93.9 
14 Aswan 28638 2.2 96.1 
15 Giza 20012 1.6 97.7 
16 Damietta 13584 1.1 98.8 
17 Is m a i l i a 9547 0.8 99.6 
18 Alexandria 3279 0.3 99-9 
19 Suez 1018 0.1 100.0 
Total 1247578 100.0 1365.1 
Approx. 
t o t a l 
(1365) 
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Table 9.b Continued 
T o t a l Crops Area 
Rank Governorate 
T o t a l area 
under crops 
i n feddans 
% 
of 
t o t a l 
Cumul-
a t i v e 
% 
1 Buheira 1345934 12.3 12.3 
2 Sharqiya 1240959 11.3 23.6 
3 Daqahliya 1 1216262 11.1 34.7 
4 K a f r ash Shaykh 888158 8.1 42.8 
5 Gharbiya 784489 7.2 50.0 
6 Minya 720440 6.6 56.6 
7 Minufiya 644780 5.9 62.5 
8 Sohag 570454 67.8 
9 Fayum 569698 5.3 73.1 
10 Asyut 566379 5-3 78.4 
11 Qena 541131 4.9 83-3 
12 Beni Suef 488747 4.5 87.8 
13 Qalyubiya 429374 3.9 91.7 
14 Giz a 411417 3.8 95.5 
15 Damietta 187944 1.7 97.2 
16 Aswan 143197 1.4 98.6 
17 I s m a i l i a 96260 0.9 99.5 
18 Alexandria 90793 0.4 99.9 
19 Suez 10944 0.1 100.0 
T o t a l 10947360 100.0 1355.3 
Approx. 
t o t a l 
(1355) 
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9.4 - A g r i c u l t u r a l regions i n Egypt t-
I t i s not easy to define d i s t i n c t and c l e a r -
cut land use regions i n the N i l e V a l l e y and Delta a r e a s . 
T h i s is "because i t may be a l l regarded as one v a s t s i n g l e 
region of mixed a g r i c u l t u r e . However, the Delta and the 
N i l e V a l l e y can be c l a s s i f i e d i n t o three main regions 
( F i g . 9.13). These are :-
1 - Lower Egypt :-
T h i s r egion c o n s i s t s of the D e l t a proper from 
C a i r o northward to the Mediterranean Sea. I t can a l s o 
be divided i n t o two sub-regions :-
A - Northland :- T h i s area i n c l u d e s the governor -
a t e s of Buheira, Alexandria, Kafr ash Shaykh, Gharbiya, 
Daqahliya and Sharqiya ( F i g . 9.13). I t comprises the 
B e r a r i and the r i c e b e l t s i n t h e i r e n t i r e t y , as w e l l a s 
the sandy east and west margins of the D e l t a . Clover, 
cotton, maize, wheat and r i c e are the main crops produced 
i n t h i s a r e a . 
B - South of the Delta a r e a :- T h i s zone com-
p r i s e s Minufiya and Qalyubiya governorates i n the south 
of the D e l t a together with G i z a at the head of the V a l l e y 
( F i g . 9.13). T h i s old, s e t t l e d , very densely populated 
region f u r t h e r d i f f e r s from Northland by i t s higher 
e l e v a t i o n s and more sandy s o i l s . A g r i c u l t u r a l l y i n t e n s i v e , 
t h i s zone i s p r i m a r i l y one of food production, the 
pressure of population being of paramount importance. 
I n c o n t r a s t to Northland, the area occupied by the f i v e 
main crops are i n the f o l l o w i n g order, maize, wheat, cotton, 
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2 - Middle Egypt :-
T h i s region i n c l u d e s the narrow c u l t i v a t e d s t r i p 
along the N i l e from C a i r o to Asyut ( F i g . 9.13). I t i s 
a region of t r a d i t i o n a l a g r i c u l t u r e with the u s u a l base 
crops and a s p e c i a l development of p u l s e s . Maize i s 
the f i r s t crop i n t h i s r e g i o n. T h i s f a c t i s explained 
by the very high population d e n s i t y . Wheat f i n d s p r o p i t -
ious conditions i n the mild, almost warm, winter of Middle 
Egypt. Rice i s the second most important crop i n t h i s 
r e g i o n . However, r i c e and f r u i t i n the Fayum area are 
h i s t o r i c a l l y famous crops, while Minya f e a t u r e s the more 
commercial sugar cane and onions. 
3 - Upper Egypt :-
L i k e Northland, t h i s i s a very d i s t i n c t i v e r e g i o n. 
As i n Northland, the explanation l i e s i n a marginal 
p o s i t i o n , very high temperatures, sandy s o i l s a s w e l l 
a s d i f f i c u l t human c o n d i t i o n s . T h i s region i n c l u d e s the 
narrow c u l t i v a t e d s t r i p along the N i l e from Asyut south-
wards to the Sudanese border ( F i g . 9*13)• Sugar cane 
and l e n t i l s reach t h e i r highest importance i n t h i s r e g i o n. 
Sorghum, cotton, c l o v e r , and wheat occupy important p l a c e s 
i n crop r o t a t i o n . 
C H A P T E R 10 
I r r i g a t i o n and Drainage i n Egypt 
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10.1 - I r r i g a t i o n i n Egypt :-
I r r i g a t i o n has always played a l a r g e p a r t i n the 
production of crops i n the hot a r i d zone, but i t s import-
ance i s i n c r e a s i n g r a p i d l y as new dams and barrages make 
i t p o s s i b l e to grow crops i n huge areas t h a t could not 
p r e v i o u s l y be i r r i g a t e d (see f o r example, W i l l c o c k s , 1913; 
Hudson, 1965; Rosenbery, 1966; Abdel-Rahman, 1965; S i r i n a d a , 
1970; Beaumont, 1971* and 1977; Smith, 1966 and 1970 and others). 
A g r i c u l t u r e i n Egypt depends on a r t i f i c i a l i r r i g -
a t i o n using water from the N i l e , as the country i s p r a c t i c -
a l l y r a i n l e s s (see p r e c i p i t a t i o n c h a p t e r ) . Two systems of 
i r r i g a t i o n were i n use. The o l d e r system i s known as " b a s i n 
i r r i g a t i o n " , where the land i s d i v i d e d i n t o b a s i n s of v a r i a b l e 
dimensions surrounded by embankments to prevent water from 
d r a i n i n g back i n t o the r i v e r f o r a period ranging from 
t h i r t y to f o r t y days. Upon the r i c h sediment deposited 
by the f l o o d , one w i n t e r crop can be grown. The land then 
remains f a l l o w throughout the summer w a i t i n g f o r the next 
fl o o d (Marei, 1960 and Abd e l - L l a h , 1965). 
A f t e r the High Dam was b u i l t , a l l b a s i n lands 
were converted to p e r e n n i a l i r r i g a t i o n . Many new c a n a l s 
were dug throughout the country, s e v e r a l banks were con-
s t r u c t e d and numerous r e g u l a t o r s b u i l t . These c a n a l s c a r r y 
the water to the f i e l d s g i v i n g each farmer a f i x e d water 
share on a r o t a t i o n of watering days and c l o s i n g days i n 
order to have i r r i g a t i o n water j u d i c i o u s l y d i s t r i b u t e d 
among the various canal systems. 
The a r e a under the two systems of i r r i g a t i o n before 
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the High Dam was b u i l t are i l l u s t r a t e d ( Tables 10.a and 
lO . b ) . The t o t a l area under p e r e n n i a l i r r i g a t i o n was 
4,285,479 feddans i n Lower Egypt and 2,053,891 feddans 
i n Middle and Upper Egypt. Basin i r r i g a t i o n was concen-
t r a t e d i n Middle and Upper Egypt. The t o t a l a r e a under 
b a s i n i r r i g a t i o n was 458,273 feddans (Table 10.b). I t 
was found that 335*129 feddans was i r r i g a t e d without pumps 
and 123•144 feddans was i r r i g a t e d with pumps i n Middle and 
Upper Egypt r e s p e c t i v e l y . 
The F i l e R i v e r :-
The N i l e R i v e r ranks among the great r i v e r s of 
the world. The sources of the N i l e , long unknown to many 
who made use of i t s waters, are found i n the Atbara R i v e r 
i n E t h i o p i a , the Blue N i l e with i t s o r i g i n i n Lake Tana 
i n E t h i o p i a , and the White N i l e w i t h i n the lake p l a t e a u 
r e gion of Lake V i c t o r i a , Lake A l b e r t , Lake Edward and 
Lake Kyoga (Awad, 1947? A b u A l - I z z , 1971). 
The width of the Mile V a l l e y i n Egypt i n c r e a s e s 
g r a d u a l l y northward u n t i l i t reaches i t s maximum width 
of 23 Km at Bani Suef (Table 1 0 . c ) , near the mouth of 
Bahr Yusuf where i t e n t e r s the Fayum Depression through 
the Al-Haware (Lahun) Gap. Upon reaching Giza province, 
the flood p l a i n narrows to a maximum width of only 12 Km 
and i t s mean width i s 8.3 km. T h i s i s due to the narrowing 
of the v a l l e y before the branching of the D e l t a . To the 
e a s t , Mount Muqattam i s c l o s e to the v a l l e y , and t o the 
west, there i s the Abu Rawash Block. North of these two 
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Table 10.a 
I r r i g a t i o n i n Lower Egypt 
Govemorate 
Area i r r i g a t e d 
without pumps 
(Feddans) 
Area i r r i g a t e d 
with pumps 
(Feddans) 
C a i r o 9800 1200 
A l e x a n d r i a - 22000 
Port S a i d 400 -
I s m a i l i a 15Q00 33075 
Suez 7000 15060 
Damietta - 127877 
Daqahliya - 836013 
Sharqiya 49300 727340 
Qulyubiya 106395 130825 
K a f r ash Shaykh - 539844 
G'harbiya 23000 421318 
Minufiya 39700 3176OO 
Buheira 34205 828527 
T o t a l 284800 4000679 




U CO P P !=> 
73 G • a o 1—1 CO i—t <D H .O •H cd s E-i c 
• H 
c o 
• H •P cd W •rH 
H 
H - ' " > 
C 
• H CO cd to u to i—I o P ft Q ) Pi o o -3-. o> 6 6 cd NO C N . CM H «H -P 3 § -o i O i oo 1 1 1 o a) ft 3 T3 V \ NO CM W) (a a) r-1 cd - H & fL, JO k -P 
C ca •H ft • CO g^ -> 1 T cd 3 co VT\ o- o CN- ON ft & -d ft G vr* O o NO CM >» a> a) CN- vr» rH W) <H -p -p TJ i VO i vn CN- 1 VP, 1 vn w o cd 3 tJ ON H H W)o Q) CM CO cd -H J2 fn o (0 f-i -P—' .1-1 
< - H £ Ca
: 
•o H 0) NO -P ON at —* ,H W) CO w o- H H ON vn o .3- H •H ft G CN) CO CM cn oo NO o 6 cd O H NO 00 H oo CO 3 CM CO CM oo NO H CM CO •H ftT3 NO H ON o -=*• ON o VO CO CO CM CM CM H o cd £ Pn H CO o 
<! £ c 









fd •H ifi 3 ra NO co CO oo o o o •H ft C oo H ON o ON C^  h cd oo o o NO o o H -P T> O ON oo H o 1 1 VT\ •H 3 -O 00 V N , ON ON CH O CO iH CO CM ON o rt X! Q) +» w >> k -H 
I D 
CO •H c • H 
cd <M CO o 1 OQ 









«H Jl O CO o o o o H o o c^-cn. CM H H iH +3 Q) W) > G -H 0) fa H 
.c •p 
6 -H O O o o O o O 3 > o O o o o o O 6 ^  CM *n o o o O •H >4 «» » G <D CM ON OS H o •H H H E H nS > 
+> 
O o o o O o o 3 * O o o o o o o s VO o o o o o o •H >> — • « CO ON o o C\ CM rt H H H CM CM CM H E «H cd > 
-P T3 •H o O o O O o O c £ o O o O O O O (4 00 o CN. CM CN 0) >4 6 a> CM »n -3- CO !—1 
_J 
H H H rH 
a 
> 
O CD c •H w > •P rt O a a 3 t» •H cd u sc G & >» C C •S3 
in CO 3 m •H cd •H < or CO < s PQ o 
- 26? -
b l o c k s , the land i s very f l a t so p e r m i t t i n g the d e p o s i t s 
of the N i l e to be spread over a broad a r e a . The minimum 
width of the v a l l e y occurs i n Aswan province where i t i s 
l e s s than 200 m a t Kalabsha Gorge and 320 m a t the S i l s i l a 
Gorge. There i s no flood p l a i n i n e i t h e r of these l o c a l -
i t i e s . T h i s i s a r e s u l t of the nature of the bed rock 
i n the two a r e a s . 
Two kinds of barrages have been constructed i n 
Egypt during the t w e n t i e t h century. These are e l e v a t i o n 
barrages and r e s e r v o i r dams. 
The f u n c t i o n of e l e v a t i o n barrages i s to r a i s e 
the l e v e l of the water behind them so t h a t i t w i l l flow 
i n t o the c a n a l s through entrance gates which are s i t u a t e d 
upstream from the barrages. The barrages c o n s i s t of l a r g e 
platforms of concrete extending from one bank to the other 
w i t h gates which can be opened and closed t o c o n t r o l the 
flow. 
There are s i x barrages along the course of the 
N i l e from Aswan i n the south to Alexandria i n the north. 
These are the I s n a Barrage, the Nag-Hamadi Barrage, the 
Asyut Barrage, the Delta Barrage, the Z i f t a Barrage and 
the I d f i n a Barrage ( F i g . 1 0 . 1 ) . 
R e s e r v o i r dams store e x c e s s i v e water i n p e r i o d s 
of flood so t h a t i t can be u t i l i z e d i n months of low 
d i s c h a r g e . The Aswan Dam l o c a t e d 7 km north of the High 
Dam, was constructed i n 1902. I t s o r i g i n a l c a p a c i t y was 
1,000 m i l l i o n cubic metres. I n 1912, the storage volume 
was r a i s e d to 2,500 m i l l i o n cubic metres and i n 1933 t o 
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5,000 m i l l i o n cubic metres ( S h i b l , 1971) . 
The c o n s t r u c t i o n of the Aswan Dam was the f i r s t 
step i n the conversion of the b a s i n i r r i g a t i o n i n t o 
p e r e n n i a l i r r i g a t i o n . Consequently a network of c a n a l s , 
the t o t a l length of which i s estimated a s 23,000 k i l o m e t r e s , 
was developed. The e f f i c i e n c y of the c a n a l system i s 
measured by the area i r r i g a t e d by a given q u a n t i t y of 
water c a l l e d "water duty" which r e p r e s e n t s the optimum 
amount of water to be used by various crops. 
The High Dam »-
The High Dam i s the second l a r g e s t dam i n the 
world a s f a r a s the volume of i t s r e s e r v o i r and the eighth 
l a r g e s t as f a r a s i t s power c a p a c i t y i s concerned ( S h i b l , 
1971, p. 5 7 ) . The High Dam i s located 7 km upstream from 
the old Aswan Dam and 650 km south of C a i r o . T h i s s i t e 
was chosen as a r e s u l t of extensive g e o l o g i c a l s t u d i e s 
and i n v e s t i g a t i o n s . I t has the advantage t h a t both banks 
of the Ni l e r i s e s t e e p l y from the r i v e r bed and a very 
deep wide v a l l e y upstream provides e x c e l l e n t storage c a p a c i t y . 
The height of the dam above the r i v e r bed i s 111 
metres and the r i v e r a t the dam s i t e i s about 550 metres 
from bank t o bank. The c r e s t extends to 3,600 metres. At 
the r i v e r bed l e v e l the dam measures 980 metres ( M i n i s t r y 
of the High Dam, Aswan High Dam, C a i r o , Egypt, 1966, p. 12). 
The storage c a p a c i t y created by Lake Nasser i s 
164,000 m i l l i o n m^ , or approximately t h i r t y times l a r g e r 
than the storage of the heightened Aswan Dam. The High 
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Dam provides a c o n t r o l l e d mean annual discharge of 84 ,000 
m i l l i o n nr downstream from Aswan, which i s considered 
equivalent to the mean flow of the N i l e over a 60 year 
period (U.A.R., the High Dam, C a i r o , 1963, p. 6 ) . Lake 
Nasser extends 350 km i n Egyptian t e r r i t o r y and 150 km 
i n t o the Sudan. The width of the lake ranges between 3 
and 25 km ( S h i b l , 1971) . 
The High Dam p r o j e c t has expanded the a g r i c u l -
t u r a l area by 1.2 m i l l i o n feddans which r e p r e s e n t s a 20% 
i n c r e a s e over the previous area of 6.2 m i l l i o n feddans. 
I t has a l s o increased a g r i c u l t u r a l production by approxim-
a t e l y 10% owing to the r e g u l a t i o n of water supply during 
the whole year. 850,000 feddans i n Upper Egypt have been 
converted from b a s i n i n t o p e r e n n i a l i r r i g a t i o n . T h i s w i l l 
make i t p o s s i b l e to produce three crops per year i n s t e a d 
of one. 
The dam has reduced flood damage by e l i m i n a t i n g 
excess water from the c u l t i v a t e d a r e a . T h i s i n c r e a s e of 
p r o d u c t i v i t y has f a c i l i t a t e d e a r l i e r p l a n t i n g , has length-
ened the crop growing season, has improved s o i l v e n t i l a t i o n 
and has leached excess s a l t s from the s o i l . As a r e s u l t 
of c o n t r o l l i n g the r i v e r flow downstream from the Aswan 
High Dam n a v i g a t i o n c o n d i t i o n s have been improved. The 
power u n i t s at the dam w i l l produce 10 b i l l i o n K.W.H. of 
e l e c t r i c i t y annually which w i l l supply cheap power to 
i n d u s t r y equivalent to twice the t o t a l energy created by 
the old Aswan Dam and a l l the thermal s t a t i o n s operating 
i n Egypt. 
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F i n a l l y i t has permitted the development of a 
f i s h e r y i n d u s t r y on a small s c a l e i n Lake Nasser which 
w i l l reach a production l e v e l of kO tonnes/day ( L i t t l e , 
1965; S h i b l , 1971; Beaumont et a l . , 1976) . 
The c o n s t r u c t i o n of the High Dam has given r i s e 
t o a number of problems. The course of the N i l e was 
blocked i n May, 1964 and since t h a t time the s i l t has 
been deposited i n the Dam's r e s e r v o i r . As a r e s u l t s o i l 
f e r t i l i t y i n Egypt has de c l i n e d . However t h i s problem 
has been obscured so f a r by a r i s i n g t o t a l production of 
c e r t a i n crops, owing to the growth of more than one crop 
i n the old b a s i n i r r i g a t i o n a r e a s and the i n t r o d u c t i o n of 
a. b e t t e r drainage system which has provided b e t t e r con-
d i t i o n s f o r plant r o o t s growth. The absence of the s i l t 
i n the lower N i l e v a l l e y has a l s o damaged the N i l e f i s h i n g 
i n d u s t r y by reducing the supply of n u t r i e n t s , and con-
sequently the number of p l a n t s and animals on which the 
f i s h feed. Thus a d e c l i n e i n sardine landings i n the e a s t -
ern Mediterranean over the l a s t few yea r s has been a t t r i b u t e d 
t o t h i s cause. 
The p o t e n t i a l l o s s of water by seepage from Lake 
Nasser was considered by some engineers t o be so s e r i o u s 
a s to make the whole p r o j e c t * a f a i l u r e . However, an 
extensive i n v e s t i g a t i o n made by a German c o n s u l t i n g f i r m 
concluded t h a t a t a water l e v e l of 120 m no s e r i o u s l o s s 
of water w i l l occur, while a t a l e v e l of 150 m the l o s s 
i s estimated a t 600 m i l l i o n m^/year r i s i n g to 2000 m i l l i o n 
m-^  a t a water l e v e l of 180 m. Since the l a s t l e v e l i s 
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r a r e l y a t t a i n e d except i n unusually high flood y e a r s , 
seepage l o s s e s on average w i l l not exceed 1000 m i l l i o n 
m - V y e a r i n normal years ( M i n i s t r y of High Dam, the High 
Dam, C a i r o , 1967, p. 326) . The l o s s of water by evapor-
a t i o n from Lake Nasser has been estimated a t 8.0 mm/day 
(Omar and El-Bakery, 1970) . T h i s means t h a t when the 
lake i s f u l l the annual water l o s s w i l l be 15#324 m i l l i o n 
The spread of B i l h a r z i a i s being blamed on the 
High Dam. T h i s d i s e a s e i s c a r r i e d by p a r a s i t e s l i v i n g 
on freshwater s n a i l s i n i r r i g a t i o n c a n a l s . I t i s claimed 
t o have in c r e a s e d i n incidence with the spread of p e r e n n i a l 
i r r i g a t i o n and the c o n s t r u c t i o n of new c a n a l systems 
( M i n i s t r y of the High Dam, 1963, 1966 and 1967; S h i b l , 
1 9 7 D . 
The R i v e r Flow :-
The flow of the R i v e r N i l e has been measured f o r 
many year s a t a number of l o c a t i o n s . The measurements 
a t Aswan provide an e x c e l l e n t b a s i s f o r determining the 
amount of water flow i n t o Egypt. The gauge i s l o c a t e d 
a t the Aswan Dam, which i s 7 kilometres downstream from 
the new High Aswan Dam (Sadd E l - A a l i ) . A record of these 
measurements i s reported by Hurst, Black and Simaika f o r 
the y e a r s 187/-1945; 19^5-1958 and 1959-1965 (Table 1 0 .d). 
I t i s noticed t h a t the highest annual t o t a l discharge of 
the R i v e r N i l e a t Aswan was recorded i n 1879. At t h i s 
time the t o t a l flow was 137,000 m i l l i o n m^. The lowest 
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Table 10. d 
Pitdarr of Nile Hirer el Atmam. 1871-1965 
AM M M 
Ja*. Ft* MM. A M . MM iwm *•*• fc**- Oct. MM. D M . M M 
IITI 6.90 4.12 1*8 2.42 1.96 1.97 6.61 24.00 23 JO 11.(0 • 11 (.48 1110 
1812 4 41 1J» l.tS 1.51 1.50 1.28 1.36 21(0 27.30 21.10 12*0 (.11 116.0 
1611 5.8* 4.41 1.11 1.96 1.4* 1.(1 6.15 19 00 21.80 15.20 7.94 5.4* 94 1 
1114 1J» 2.03 1.71 1 34 1.25 2.50 8.20 18*0 30.60 21.(0 11.10 1.1* 111.0 
im 3*2 4.08 1.M 1.00 1.71 1.(1 6.42 24.80 27.10 20.60 11.50 1.58 116.0 
lITt 3.17 4.49 3.86 2.43 1.94 2.10 6.32 21.(0 28.70 18.10 9.12 6 76 11*0 
1617 4.91 3.06 1J1 1.9* 1.94 1.52 7.01 15.80 16.70 12.(0 1.1* 4.81 (1.1 
i i n 1.6* 2.29 1.82 1.41 1.23 1.11 5.72 22.10 32.00 21.40 14.40 10.10 113.0 
1122. 7.70 3.11 3.11 4.1* 4JS 5.16 10.60 25 JO 27.10 19.40 111* 8.60 111.0 
i tT 7.01 3.61 4.81 1.45 2.86 1.96 * J 0 22.50 21.10 16.80 • 44 6.15 114.0 
mi 4.11 3.20 1.(6 1.96 1.85 1.98 4 9* 18.00 26.30 11.(0 f.*1 (.54 9*J 
l l l l 4.90 1.23 1.11 1.10 1.48 1.19 4.08 18.20 22.(0 13.50 11.00 (.92 91J 
I I I ) 3.01 1.69 1.16 2.25 1.79 1.84 1.16 24 30 2(J0 11.40 ».»» 1.11 II 1.0 
1114 3.51 4.40 1.87 2.47 2.28 128 4.15 17 JO 21.20 11.00 10.10 (.94 *9.4 
111] 3.11 1.33 1J4 1.(2 1.30 1.48 8.10 14.80 23.00 15.80 (.21 5.10 102.0 
1616 4.01 2.41 1.18 1.80 1.79 100 5.01 20.20 23.30 15.80 8.31 (.91 *6.0 
1111 4.91 1.22 1.44 1.75 1.87 2.51 8.21 28.10 29.30 18.20 10.00 1.11 118.0 
l l l l 5J1 3.31 2.34 1.96 1.77 1.84 4.21 11.80 18.90 11.10 3.88 4.15 19.9 
1119 3.04 I I I 1.66 1.36 1.28 1.34 5.01 12.30 25.90 11.60 8.61 5.14 95.0 
1190 4.19 2.3* 1.96 1.41 1.27 1.(0 5.81 25.80 21.40 11.40 12.30 7.86 114.0 
1191 3.61 1.40 2.11 1.71 1.(2 3.12 5.71 21.80 25.60 19.10 12.30 1.56 110.0 
11*1 3.20 1.11 2.11 1.59 1.34 1.38 5.64 23.80 11.60 21.10 12.40 8.16 121.0 
1191 6.60 3.20 3.04 4.11 2.68 2.11 4.93 22.40 21.80 I».f0 10.80 1.05 115.0 
1194 3.19 1.31 2.46 1.85 1.83 2.15 7.65 26.10 28.10 24.20 12.40 8.12 123X1 
1895 6.71 3.03 4.71 1.41 2.82 2.60 7.75 29.10 27.10 17.50 10.60 8.46 124.0 
119* 6.41 4.11 1.17 2.61 2.18 2.32 7.10 21.90 27.90 18.80 11.00 11.00 122.0 
1197 7.00 4.19 4.04 2.16 2.42 2.70 3.76 19.00 21.60 16.40 8.23 5.81 101.0 
IN I 4.63 3.29 2.4] 1.80 1.39 1.52 4.00 24.30 17.00 20.10 11.30 8.14 110.0 
1199 6.04 4.63 4.11 2.99 2.22 2.10 4.81 14.80 16.90 10.30 4.91 3.16 77.4 
1900 1.14 1.41 1.23 1.02 1.06 1.41 3.86 22.20 21.50 15.80 1.22 3.04 84.0 
1901 1.13 2.33 1.91 1.45 1.51 1.62 3.12 20.60 21.50 13.10 1.21 4.94 87.4 
1901 1.30 1.98 1.67 1.40 1.13 1.46 1.42 11.10 18.40 14.20 6.81 4.40 (9.4 
1901 1.41 2.16 1.67 1.24 1.25 2.37 4.96 11.50 24.00 18.10 10.20 3.62 92.6 
1904 4.19 1.21 2.18 1.61 1.19 2.92 5.11 18.90 19.00 11.00 6.10 4.51 82.1 
1903 1.11 2.44 1.91 1.33 1.44 1.59 2.96 12.40 19.(0 11.20 3.29 4.19 10.1 
1906 3.60 2.61 2.09 1.86 1.10 1.97 1.81 11.80 24.80 17.50 8.68 5.11 91.1 
1901 4.03 1.86 2.04 1.19 1.(1 1.87 1.61 11.10 11.60 11.20 6.26 4.12 (9.0 
1901 1J2 2.17 1.77 1.55 1.48 1.52 1.41 21.60 21.90 20.20 9.12 5.12 99.9 
1909 4.19 1.40 2.49 1.11 1.99 1.(0 5.14 20.70 25.80 19.40 9.52 6.42 103.0 
1910 4.26 1.79 1.12 1.61 111 1.10 U S 16.30 24.50 18.90 10.10 5.»l 96.8 
1911 4.12 2.36 2.11 1.40 1.55 108 3.50 15.00 21.10 14.50 1.40 4.92 ( 1 7 
1911 1.11 134 1.1* 1.48 1.48 I J 1 1.44 1840 16.20 10.30 4.41 4.01 10.9 1911 1.16 1.91 1.56 1.(4 1.81 1.96 2.48 6.55 12.20 1.52 2.65 2.00 *ii 
64.1 T7T7 IJ1 1.14 1.61 1.41 1.49 1.69 2.29 19.40 20.00 16.50 10.10 6.11 
1919 1.16 2.37 2.03 1.11 1.79 1.26 1.44 10.10 14.90 14.10 1.15 4.01 69.1 
1916 1.21 2.10 1.71 1.10 1.89 2.25 S.34 25.00 26.60 22.40 11.30 1.85 111.0 
1917 4.11 1.01 1.14 2.22 1.20 1.20 3.41 11.50 21.80 22.80 11.60 1.14 111.0 
1911 1.98 1.29 4.1J 4.19 4.00 4.62 5.81 11.60 11.10 11.10 5.18 1.01 81.0 
1919 1.14 2.09 1.01 2.10 2.21 2.11 4.10 16.60 20.80 12.(0 3.81 1.00 77.1 
1920 2.64 1.89 1.66 1.(1 1.81 3.02 5.16 18.20 11.80 15.00 8.94 3.82 81.2 
1911 1.00 2.14 1.91 1.79 1.19 2.11 1.44 15.40 19.60 14.80 1.09 1.22 76.3 
1922 2.99 1.91 1.54 1.44 1.51 I.S4 3.73 18.80 22.60 15.90 8.15 3.41 84.9 1921 2.TI 2.22 1.38 1.52 1.08 3.30 4.41 20.10 21.40 16.20 1.14 3.86 86.5 
1924 1.02 2.41 1.91 1.76 2.11 2.32 5.60 11.00 22.30 14.10 1.98 4.49 86.4 
192} 2.49 2.40 1.89 1.72 2.07 2.60 4.14 11.10 16.50 12.40 4.61 3.49 67.7 
1926 3.10 2.19 1.63 1.71 2.14 1.15 4.99 11.10 20.50 14.40 8.00 3.52 84.4 1927 2.B0 2.73 1.96 1.80 2.25 2.64 4.51 15.30 18.30 13.30 4.42 2.91 71.9 
1921 2.11 1.16 1.(1 1.(7 2.17 2.96 6.6S 11.90 19.90 11.10 6.39 3.38 79.0 
1919 2.17 2.21 1.91 1.81 1.45 1.72 9.42 22.90 24.40 11.80 9.59 3.SI 103.0 
1910 1.11 2.14 1.11 1.96 2.52 2.81 4.71 11.80 17.30 11.10 1.52 3.19 77.1 
19JI 2.11 1.16 1.94 1.11 1.78 2.02 3.08 15.50 21.20 14.80 1.84 3.10 77.1 
1931 2.71 2.02 2.01 1.(5 2.19 2.80 4.17 18.50 22JO 13.70 7 06 3.08 85X1 
1911 1.31 1.29 2.10 1.99 2.58 1.01 1.69 12.10 22.10 15.10 1.34 4.31 82.4 
1934 1.49 2.71 2.31 2.05 2.(1 3.21 6.46 20.20 23.10 15.40 6.04 3.38 91.6 
I93J 1.31 2.73 2.41 2.19 1.04 4.1* 7.87 21.00 21.90 17.40 5.00 3.58 96.9 
1916. 3.42 2.68 2.40 2.19 1.10 3.65 6.00 18.10 21.80 14.30 4.50 3.49 88.2 1911 2.93 2.23 2.28 1.99 2.4} 1.11 4.61 19.50 22.10 12.40 1.19 1.62 80.6 
l » » 3.23 2.29 2.12 2.02 2.71 1.1* 4.61 22.30 26.10 19.30 6.42 3.36 101.0 
1919 143 3.03 2.31 2.21 3.26 4.11 3.11 11.20 18.20 10.30 5.30 4.15 75.0 
1940 1.13 2.13 2.31 2.01 2.98 1.1* 1.96 13.00 11.90 7.70 2.81 2.40 66.1 
1*41 2.19 2.11 2.08 1.95 2.(4 1.61 4.69 11.90 14.20 8.56 5.41 4.09 63.4 1942 2.66 2.43 2.31 2.48 1.14 4.04 3.61 10.10 20.10 11.90 3.16 2.95 8J.1 
1941 2J0 2.49 2.21 2.18 1.10 1.38 1.96 14.60 24.40 12.00 4.60 3.10 79.3 
1*44 2.10 2.69 2.49 1.28 1.17 4.04 3.09 16 JO 11.90 9.41 1.01 1.16 72.7 
1*43 116 2.36 2.12 2.22 1.79 3.96 4J3 14.80 18.80 14.80 4.61 4.10 18.5 
1946 1.66 2.84 2.21 2.21 2.99 4.15 1.23 21.80 26.90 14.90 1.11 4.85 101.0 
1*41 1.19 1.38 2.92 2.66 3.91 4 66 5.01 14.80 22.30 12.10 4.01 4.18 84.1 
1*48 1.36 2.99 2.41 2.15 3.21 4.51 5.(5 11.20 19.10 11.10 8.07 1.89 86.6 
1*49 2.30 1.06 2.43 2.48 1.19 4.4* 5.41 11.80 20.10 12.20 4.76 4.21 81.8 
I9S0 1.11 1.03 2.41 2.51 1.45 4.(1 5.18 21.30 21.30 12.90 1.18 1.88 88.1 
I9SI 2.73 1.91 2.41 2.41 2.92 1.(6 1.81 14.90 11.50 10.10 4.13 4.10 11.1 
I9S1 2.93 2.T7 2.12 2.30 2.89 1.61 4.49 14 JO 10.90 10.40 1.10 2.98 11.4 
1911 2.21 2.43 2.22 2.20 2.10 3.91 5.21 2 IJ0 20.60 12.20 2.83 1.28 Bl. l 
I9S4 2JS 2.40 2.24 2.10 2.76 4.04 6.7* 23.20 21.00 19.10 (.81 1.82 104.0 
1*55 1.19 a-j* 2.41 2.46 1.29 4.80 5.70 18.80 11.50 1(50 4.01 3.70 90.1 I9S6 2.n 2.(3 2.44 15* 1.38 4.92 7J0 19.30 20.50 16.00 10.20 4.04 96J 
1*37 IJI 2.98 2J0 2.90 3.82 S.N 6.21 11.20 21.10 1.44 2.18 2.23 11.4 
1931 2.11 2.12 2.14 2.25 2.12 1.91 3.7* 21.20 24.90 11.90 (.12 1.51 91.2 
1939 2.87 2.40 2.34 2.42 1.22 4.46 4 J I 18.10 21.90 15.30 6.62 1.18 94.1 
1960 J . 14 2.60 2.31 2.13 1.11 4.48 «.97 16.50 20.20 12.90 2.14 2.16 78.0 
1961 U 4 2.17 2.12 2.40 1.08 4.22 * J 0 21.90 26.10 17.90 3.91 4.59 »8J4 
1962 ^M 2.78 2.13 2.93 1.47 5.12 6.(1 13.40 22.20 15.40 1.41 1.10 81J 1*61 2.90 2.11 2.71 159 1.86 5.42 1.04 19.40 11.30 9.42 1.80 4.42 64.0 
19(4 4.11 1.11 2.93 2.68 1.76 5.11 S.l l 22JO 25.30 13.40 10.30 5.38 109.0 1963 3.01 3.11 4.(1 4.26 3J1 6.36 6.31 9.13 11.60 10.80 1.16 4.(8 (1.1 
J a m : H. E. HMM . R. * . Back. at V. M. llHtfta. T*»A* M i (Cain: Mbttaur of h M k Wats. 1946.1*59. a n 19*4). V«b VII. IX. mt 
NotofoMMBaQ It W M M IB wtfcTy OM Mwwcy of tfae AM M I I I U B P ) M MIMJ by fl» Wen (l*wa. 
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annual discharge during these 95 years of i n v e s t i g a t i o n 
was 45,500 m i l l i o n m^  i n 1913 (Table 1 0 .d). I n genera l 
the months of August, September and October ( f l o o d period) 
used to have the highest monthly discharge, while minimum 
flows occurred i n A p r i l , May and June. A f t e r 1964 the 
p a t t e r n of water discha r g e s a t Aswan was changed a s a 
r e s u l t of the c o n s t r u c t i o n of the High Dam ( F i g . 10.2) 
An attempt has been made by the author to show 
the complete discharge p i c t u r e of the R i v e r N i l e before 
and a f t e r the c o n s t r u c t i o n of the High Dam ( F i g s . 10.3 
and 1 0 . 4 ) . I t can be seen t h a t the completion of the 
High Dam changed the p i c t u r e and i t i s u n l i k e l y , assuming 
e f f i c i e n t flood c o n t r o l operation cf the r e s e r v o i r , t h a t 
the Delta w i l l ever again be i n danger of s e r i o u s f l o o d i n g . 
The waters are now being r e t a i n e d i n ^ ake Nasser and the 
floo d c o n t r o l f e a t u r e s of the p r o j e c t are a l r e a d y a r e a l i t y . 
The d a i l y water discharge of the R i v e r N i l e a t 
Aswan, C a i r o , Damietta and Rosetta are graphed f o r the 
thr e e year period before the High Dam (1960-1962) and 
f o r three years a f t e r the f i l l i n g of Lake Nasser (1973-
1975) . The data f o r the period I96O-I962 show fl o o d peaks 
between August and October f o r the four s t a t i o n s . The 
d a i l y water discharge f o r the period 1973-1975 show a 
d i f f e r e n t p i c t u r e with three much smaller peaks. These 
peaks are not the r e s u l t of flood c o n d i t i o n s but represent 
the high demand of water f o r the i r r i g a t i o n of summer 
crops. T h i s high i r r i g a t i o n demand f o r water reaches a 
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Consumptive use of water :-
The consumptive use of water i s defined by Blaney 
and C r i d d l e as "the sum of the volumes of water used by 
the vegetative growth of a given area i n t r a n s p i r a t i o n 
and b u i l d i n g of plant t i s s u e and that evaporated from 
adjacent s o i l , snow or i n t e r c e p t e d p r e c i p i t a t i o n on the 
area i n any s p e c i f i e d time, divided by the given a r e a . . . " 
(Blaney and C r i d d l e , 1950, p. 3 ) . By t h i s d e f i n i t i o n and 
Penman's (1956) d e f i n i t i o n f o r p o t e n t i a l e v a p o t r a n s p i r a t i o n 
(see E v a p o t r a n s p i r a t i o n c h a p t e r ) , the e f f e c t of s o i l and 
pl a n t f a c t o r s on e v a p o t r a n s p i r a t i o n are removed and 
c l i m a t i c f a c t o r s are considered to be the main v a r i a b l e s 
upon which e v a p o t r a n s p i r a t i o n depends. The water r e q u i r e -
ments of crops can be q u i c k l y estimated f o r any area where 
the necessary ctimatological and water needs data f o r each 
crop are a v a i l a b l e (Blaney and C r i d d l e , 1950; Stamm, 1967; 
O l i v e r , 1972) . 
The consumptive water use of any crop may be 
estimated from the t o t a l consumptive use f a c t o r f o r the 
growing or i r r i g a t i o n season and the c o e f f i c i e n t f o r the 
crop, w i t h allowance made f o r abnormal c o n d i t i o n s . As 
i n d i c a t e d by s t u d i e s made i n Lower, Middle and Upper Egypt, 
the uBe of water v a r i e s f o r d i f f e r e n t crops, not only i n 
terms of the t o t a l amount, but a l s o i n i t s s e a s o n a l d i s -
t r i b u t i o n (Hashemi & Decker, 1968; Bavel et al., 1967; 
Stamm, 1967) . 
Estimates have been made of the i r r i g a t i o n r e q u i r e -
ments of the main crops i n Egypt at the point of water 
d e l i v e r y t o the f i e l d . T h is has been accomplished by 
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d i v i d i n g consumptive use minus r a i n f a l l by f i e l d i r r i g -
a t i o n e f f i c i e n c y (Tables 10.e, 1 0 .f, 1 0 .g). 
The i r r i g a t i o n water r e q u i r e d to s a t i s f y con-
sumptive use by each crop, growing or to be grown on a 
farm, i s obtained by s u b t r a c t i n g the e f f e c t i v e r a i n f a l l 
from the consumptive use of water during the growing 
season. T h i s net consumptive use requirement (consumptive 
use minus r a i n f a l l ) of the crop when d i v i d e d by the farm 
i r r i g a t i o n e f f i c i e n c y gives the s e a s o n a l amount of water 
r e q u i r e d at the farm headgate f o r each feddan of the crop 
( I ) . 
The summation of the head gate requirements f o r 
each crop times i t s area, gives the t o t a l amount of water 
t h a t must be d e l i v e r e d to the farm headgate f o r s a t i s f a c t o r y 
crop production. To t h i s t o t a l muBt be added the amount 
of water needed f o r i n c i d e n t a l farm operation (R^jcs, 1965; 
Hashemi and Decker, 1968) . 
The consumptive use of water or p o t e n t i a l evapo-
t r a n s p i r a t i o n ( E t ) may a l s o be c a l c u l a t e d by the Penman 
formula (1956) . For the Penman formula; the c a l c u l a t i o n 
was f a c i l i t a t e d by the a p p l i c a t i o n of a Computer program 
su p p l i e d by the I n s t i t u t e of Hydrology, see Chapter 5 . 
The p o t e n t i a l e v a p o t r a n s p i r a t i o n ( E t ) has been computed 
fo r Tanta (Lower E g y p t ) ; Minya (Middle Egypt) and Aswan 
(Upper Egypt) f o r each crop during the growing season 
period (Tables 10 .e - 1 0 .g). 
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E v a l u a t i o n of e f f e c t s of i r r i g a t i o n water use on main 
crop y i e l d s such a s cotton, wheat, maize, sugar cane 
and r i c e :-
A number of a s p e c t s d i s c u s s e d i n the preceding 
pages w i l l be considered i n r e l a t i o n t o some experimental 
data derived from the a v a i l a b l e l i t e r a t u r e i n Egypt. The 
e a r l y work (before 19^6) was mainly of the survey type, 
i n which water flow measurements a t w e i r s t o crop f i e l d s 
were performed. T h i s was followed by a s e r i e s of simple 
experiments with three i r r i g a t i o n treatments c l a s s i f i e d 
a s " l i g h t " , "medium" and "heavy". T h i s t r a d i t i o n a l f i x e d 
i r r i g a t i o n schedule, producing the highest y i e l d s over a 
number of y e a r s , was considered to give the "optimum" 
water requirement. I n the f i f t i e s , f i v e water treatments 
i n s t e a d of three were adopted ( M i n i s t r y of I r r i g a t i o n , .1972). 
Systematic s t u d i e s on i r r i g a t i o n i n t e r v a l s f o r 
main crops by the M i n i s t r y of I r r i g a t i o n i n c o l l a b o r a t i o n 
with the M i n i s t r y of A g r i c u l t u r e s t a r t e d i n 1962. As a 
r e s u l t of a l l these s e q u e n t i a l s t u d i e s , two r e p o r t s were 
iss u e d (1972) by the water s t u d i e s s e c t i o n of the M i n i s t r y 
of I r r i g a t i o n , C a i r o , Egypt. The consumptive use and water 
requirements f o r main crops are given i n cubic metres/ 
feddan (1 feddan = 4200 m ) . Water requirements of cotton, 
wheat, sugar cane, maize and r i c e are d i s c u s s e d i n the 
f o l l o w i n g pages. 
Cotton i s the crop most studied i n Egypt with 
r e s p e c t to i r r i g a t i o n requirements. Systematic s t u d i e s 
of i r r i g a t i o n i n t e r v a l s f o r cotton by the M i n i s t r y of 
- 2 8 4 -
I r r i g a t i o n and A g r i c u l t u r e s t a t e d i n 1962. Out of f i v e 
i r r i g a t i o n i n t e r v a l s ranging between 10 and 2 1 days, i n 
general the 15 day i n t e r v a l f o r i r r i g a t i o n was considered 
the "best. I n the e a r l y s i x t i e s , i r r i g a t i o n treatments 
were based more on the hydrophysical p r o p e r t i e s of the 
s o i l s and the appearance of w i l t i n g symptoms of the crop. 
Experiments of the type which r e p l e n i s h e d s o i l water 
requirements and provided a 5 i 1 0 , 15 and 20% e x t r a amount 
were performed a s w e l l a s i r r i g a t i o n a t d i f f e r e n t i n t e r v a l s 
i n r e l a t i o n to the appearance of w i l t i n g . Thus f o r cotton, 
water uses of 2 6 0 0 , 3200 and 4 5 0 0 nrVfeddan are given f o r 
Lower Egypt ( D e l t a ) , Middle and Upper Egypt r e s p e c t i v e l y 
{Table 1 0 . h ) . The a c t u a l i r r i g a t i o n water requirements 
of cotton have been suggested by the M i n i s t r y of I r r i g a t i o n 
( 1 9 7 2 ) a s 3 3 0 0 , 3950 and 5300 m^/fed. r e s p e c t i v e l y f o r 
Lower, Middle and Upper Egypt. S i m i l a r r e s u l t s have been 
obtained using Blaney and C r i d d l e formula and the Penman 
equation (Tables 1 0 . h and 1 0 . i ) . The estimated cotton 
water use by the Blaney and C r i d d l e formula i n Lower, 
Middle and Upper Egypt i s 3 0 6 6 , 3150 and 3^02 rc?/teA. 
r e s p e c t i v e l y . The cotton consumptive water use estimated 
by the Penman equation i s 29^0 m?/fed. (Lower E g y p t ) , 
3 0 6 6 m 3/fed. (Middle Egypt), and 3276 m 3/fed. (Upper 
E g y p t ) . 
Adopted i r r i g a t i o n water use f i g u r e s f o r wheat 
i n Egypt range from 260 to 600 mm i n depth ( M i n i s t r y of 
I r r i g a t i o n , 1 9 7 2 ) . The consumptive use of water f o r wheat 
i n the D e l t a , Middle and Upper Egypt i s 1 1 0 0 , 1300 and 
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C r i d d l e consumptive water use f i g u r e s (U) are 2 2 6 8 , 2352 
and 2562 m 3 /fed. r e s p e c t i v e l y i n Lower, Middle and Upper 
Egypt. Lower values have "been obtained by the Penman 
equation. These are 1470 nrVfed. ( D e l t a ) , 1596 mVfed. 
(Middle Egypt) and 1722 m 3/fed. (Upper E g y p t ) . 
The t o t a l water use of maize i s given a s 1800, 
2 3 0 0 and 2500 nrVfed. f o r Lower, Middle and Upper Egypt 
r e s p e c t i v e l y ( M i n i s t r y of I r r i g a t i o n , 1 9 7 2 ) . The estimated 
f i g u r e s f o r consumptive water use for maize by Blaney and 
Cr i d d l e are 2478 ( D e l t a ) , 2562 (Middle Egypt) and 2772 
(Upper Egypt) m 3/fed., while Penman estimated v a l u e s are 
2 0 5 8 , 2226 and 2310 m 3/fed. r e s p e c t i v e l y (Table 1 0 . h ) . 
The consumptive water use of r i c e and the a c t u a l 
i r r i g a t i o n requirements f o r Lower, Middle and Upper Egypt 
are given i n T a b l e s 1 0 . h and 1 0 . i . The estimated con-
sumptive water use v a l u e s using the Blaney and C r i d d l e 
formula are 4 8 3 0 , 4 9 9 8 and 5376 m 3/fed. f o r Lower, Middle 
and Upper Egypt r e s p e c t i v e l y (Table 1 0 . h ) . No e x p e r i -
m e n t a l data are a v a i l a b l e f o r Middle and Upper Egypt. 
The Penman estimated values f o r r i c e water use are 2478 
m 3/fed. (Delta), 2688 m 3/fed. (Middle Egypt) and 3066 m3/ 
fed. (Upper Egypt). 
Very few experiments have been c a r r i e d out on 
the water use of sugar cane. However, the r e s u l t s which 
are a v a i l a b l e f o r Lower, Middle and Upper Egypt suggest 
v a l u e s 1 0 5 0 0 , 14000 and 158OO m 3/fed. r e s p e c t i v e l y G?able 
10.h). Consumptive water use and a c t u a l i r r i g a t i o n 
requirements f o r the sugar cane crop have been estimated 
by the Blaney and C r i d d l e formula and the Penman equation 
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(Tables 10.h and 1 0 . i ) . 
The r e s u l t s above show c l e a r l y t h a t the consump-
t i v e water use and i r r i g a t i o n requirements c a l c u l a t e d by 
the Blaney and C r i d d l e method i n a l l the crops are g r e a t e r 
than Penman's ( E t ) p o t e n t i a l e v a p o t r a n s p i r a t i o n . The main 
reason f o r t h i s i s the f a c t t h a t the Blaney and C r i d d l e 
method depends on an e m p i r i c a l c o e f f i c i e n t (K) which tends 
to overestimate crop water requirements. I t i s n o t i c e d 
t h a t the a c t u a l i r r i g a t i o n requirements are much higher 
f o r both the sugar cane and r i c e crops than the estimated 
v a l u e s obtained by use of the Blaney and C r i d d l e formula 
and the Penman equation i n Lower, Middle and Upper Egypt 
(Ta b l e s 10.h and 1 0 . i ) . T h i s i s to be expected because 
the estimated r e s u l t s are obtained from c l i m a t o l o g i c a l 
v a r i a b l e s , w h i l s t the measured ones u s u a l l y give the a c t u a l 
optimum water volumes which should be d e l i v e r e d to the 
f i e l d . 
10.2 - Drainage i n Egypt «-
Drainage i n Egypt i s i n no way l e s s important 
than i r r i g a t i o n . I n Lower Egypt there a r e two systems 
of drainage; the f i r s t i s by f r e e flow g r a v i t y channels 
d i s c h a r g i n g in t o the sea or l a k e s , and the second i s by 
l i f t i n g . I n Middle and Upper Egypt a l s o , these two systems 
are i n use (Table 1 0 . j ) . 
I n v e s t i g a t i o n s c a r r i e d out i n Egypt on drainage 
date back to 1930, when i t was found t h a t the underground 
water l e v e l was becoming very high owing to the conversion 
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Table 1 0 . j 











Cairo - 3,750 
Alexandria - 22,000 
Port Said - 400 
I s m a i l i a 23,000 13,000 
Suez 1,750 -
Damietta 12,932 114,945 
Daqahliya 255,096 480,917 
Sharqiya 5 6 ,590 222,300 
Qalyubiya 156,340 4,500 
Kafr ash Shaykh 176,600 363,244 
Gharbiya 398,855 100,863 
Minufiya 249,600 326,600 
Buheira 485,202 477,530 
T o t a l 2,288 ,965 2 ,130,049 
Source:- M i n i s t r y of I r r i g a t i o n , Census, 1961, Cairo 
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Table 1 0 . j . Continued 










Giza 2 1 8 9 8 3 , 
a l l the year j except 
during the period 
15/8 to 15/11 
the are a decreased 
to 8000 Fed. only 
2 0 9 1 8 3 
during the pe r i o d 
from 15/8 to 15/11 
only 
Beni Suef 181354 102850 
Payum 342014 19220 
Minya 313504 31950 
Asyut 27787 Fed. 
i n c l u d i n g 26387 Fed. 




Sohag 27620 27620 Fed. 
during flood 
season 
Qena - 54100 
Aswan 87454 14710 Fed. 
during flood 
season 
T o t a l 1198716 Fed. 
i n c r e a s e s to 237370 
Fed. drained with 
pumps during f l o o d 
season. 
480613 Fed. 
i n c r e a s e s to 251513 
Fed. drained with 
pumps during dry 
period 
- 2 9 1 -
of most of the c u l t i v a t e d a r e a s to p e r e n n i a l i r r i g a t i o n 
and the non-existence of drainage systems. T h i s has 
r e s u l t e d i n the d e t e r i o r a t i o n of the land and to a decrease 
i n i t s p r o d u c t i v i t y (Amer and fiabaly, 1962). Recent 
s t u d i e s were based on the assumption t h a t the most e f f e c t -
ive drainage i s a t t a i n e d w i t h a minimum d i f f e r e n c e of 1 .5 
metres between the maximum water l e v e l i n the p u b l i c d r a i n 
and the s u r f a c e of the land t o be drained. T h i s allowed 
the depth of p r i v a t e f i e l d d r a i n s to be between 0.60 and 
0 . 8 0 metres i n depth with t h e i r water l e v e l s from 0 . 5 0 
to 0 . 7 9 metres below the ground s u r f a c e . However, l a t e r 
r e s e a r c h found t h a t t h i s depth was not adequate for s a t i s -
f a c t o r y drainage, and a depth of 2 . 5 metres was adopted 
fo r the p u b l i c d r a i n s (Marei, 1960). 
Present and planned drainage :-
Before 1960 only 5 0 , 0 0 0 feddans were provided with 
t i l e drainage i n the whole country, w h i l s t during the 
country's f i v e - y e a r p l a n ( I 9 6 O - I 9 6 5 ) about 2 5 0 , 0 0 0 feddans 
were provided with t i l e d r a i n s . (Arar and Bishay, 1 9 7 5 ) . 
By the end of 1972 the t o t a l a r e a t i l e d amounted to about 
6 7 5 , 0 0 0 feddans. I n the f i v e - y e a r plan ( 1 9 7 3 - 1 9 7 8 ) i t i s 
hoped to i n s t a l l covered d r a i n s i n about 7 7 0 , 0 0 0 feddans 
i n the D e l t a alone (Amer and Gabaly, 1 9 6 2 } Arar and 
Bishay, 1 9 7 5 ) . There are three main drainage p r o j e c t s i n 
the D e l t a region and the N i l e V a l l e y a r e a . These a r e »-
1 . The T i l e Drainage P r o j e c t of the Delta (Lower 
Egypt) of about U-.5 m i l l i o n feddans. 
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2 . The T i l e Drainage P r o j e c t of the t'ile V a l l e y 
(Upper and Middle Egypt), 2 . 3 m i l l i o n feddans. 
3 . The National P r o j e c t for land Improvement and 
S o i l Conservation. T h i s w i l l be complementary to the 
above - mentioned two p r o j e c t s . 
To be able to implement the above mentioned p r o j e c t s , 
the government of the Arab Republic of Egypt has e s t a b l i s h e d 
two semi-autonomous bodies, which are attached to the 
M i n i s t r y of I r r i g a t i o n . These are the N i l e Delta Drainage 
Au t h o r i t y and the Authority f o r t i l e drainage i n Middle 
and Upper ^frypt. They are r e s p o n s i b l e f o r the planning 
and execution of drainage works i n the D e l t a a r e a , and 
Upper and Middle Egypt r e s p e c t i v e l y . Steps now are being 
taken to merge these two a u t h o r i t i e s . I t i s planned to 
e s t a b l i s h another a u t h o r i t y i n the M i n i s t r y of A g r i c u l t u r e 
t o be responsible f o r the t h i r d p r o j e c t mentioned above 
(Aboukhaled et a l . , 1 9 7 5 ) . 
Economics of drainage systems :-
The average i n c r e a s e i n y i e l d f o r the v a r i o u s 
crops to be expected a f t e r drainage i s not known a c c u r a t e l y 
because of the s t r o n g l y varying conditions i n the d i f f e r e n t 
p a r t s of the c u l t i v a t e d a r e a . Moreover, the y i e l d s of 
crops vary g r e a t l y from year to year a s a r e s u l t of 
meteorologies1.'1, conditions and s p e c i a l management i n p u t s . 
I t i s no wonr?er that the data, on y i e l d i n c r e a s e due to 
drainage very g r e a t l y ; cotton 0 to 5 0 $ . wheat 20 to J2%, 
maize 17 to ^8% (Arar and Bishay, 1 9 7 5 )• Measurements 
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of wheat y i e l d s i n p i l o t a r e a s i n d i c a t e that i n the 
f i r s t one or two years a f t e r drainage, a. y i e l d i n c r e a s e 
of about 1 ( X can be expected to occur. T h i s percentage 
may i n c r e a s e to 2 0 £ a f t e r some y e a r s . 
Drainage g i v e s many i n d i r e c t b e n e f i t s of an 
agroeconomic and a socio-economic nature, a s the a v a i l a b l e 
labour on the land i s more e f f i c i e n t l y used and the higher 
production i n c r e a s e s the crop volume which has to be 
marketed and processed. The increased export value of 
the produce or the decreased import requirement of c e r t a i n 
f o o d s t u f f s i s of n a t i o n a l economic importance. I t i s 
almost impossible to express the value of the i n d i r e c t 
b e n e f i t s q u a n t i t a t i v e l y w i t h i n the scope of a given p r o j e c t 
(see Balba et a l . , 1 9 7 5 ; Arar and Bishay, 1 9 7 5 ) . 
S E C T I O N 3 
Chapter 11 - I n t r o d u c t i o n 
Chapter 12 - The Co n t r i b u t i o n of C l i m a t i c Elements i n 
P r e d i c t i n g Cotton Y i e l d s i n Egypt. 
Chapter 13 - The Co n t r i b u t i o n of C l i m a t i c Elements i n 
P r e d i c t i n g Wheat Y i e l d s i n Egypt. 
Chapter 14 - A c t u a l and P r e d i c t e d Maize, Ri c e and 
Sugar Cane Y i e l d s i n Egypt. 
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The R e l a t i o n s h i p bestween C l i m a t i c V a r i a b l e s 
and Crop Y i e l d s i n Egypt 
I n t r o d u c t i o n 
Climate i s a f a c t o r of great importance i n deter-
mining the y i e l d s and water l o s s e s from a g r i c u l t u r a l crops. 
Damage caused by the a t t a c k of various pests and d i s e a s e s , 
and the success of the various measures which may be 
adopted to c o n t r o l such a t t a c k s must a l s o be considered 
( S t a n h i l l and Fuchs, 1968 and F u l l e r , 1 9 7 2 ) . 
The problem of esti m a t i n g the i n t e g r a t e d e f f e c t of 
meteorological parameters on crop y i e l d i s one of consi d e r -
able complexity. The methods a v a i l a b l e f o r the s o l u t i o n 
of t h i s problem continue to be s t a t i s t i c a l methods such as 
c o r r e l a t i o n a n a l y s i s , m u l t i p l e r e g r e s s i o n and crop - climate 
a n a l y s i s models. These methods enable one to di s c o v e r the 
q u a n t i t a t i v e l y i n t e g r a t e d i n f l u e n c e s of the meteorological 
elements, o c c u r r i n g during the various stages of the growth 
of a crop, on the f i n a l y i e l d s (Robertson, 1968 and Mather, 
1 9 7 4 ) . 
Questions i n v o l v i n g the r e l a t i o n s h i p s between y i e l d s 
and meteorological conditions are among the most complex i n 
applie d climatology. For example, average meteorological 
conditions over the whole crop-growing season may be l e s s 
important f o r ultimate y i e l d s , than the weather of a 
p a r t i c u l a r period during the development of the crop (Huda 
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et a l . , 1975 and 1976). Monthly or seasonal data may, 
t h e r e f o r e , obscure the r e a l r e l a t i o n s h i p s (Mather, 1974) 
The purpose of the present s e c t i o n i s to examine 
the v a r i a t i o n s i n r e l a t i o n s h i p s between crop y i e l d s and 
c l i m a t o l o g i c a l v a r i a b l e s around Alexandria, Tanta, Minya 
and Aswan ( F i g . 11.1) and to d i s c u s s the problems and 
uses of y i e l d - c l i m a t e r e l a t i o n s h i p a n a l y s i s . The major 
crops d i s c u s s e d i n t h i s s e c t i o n are cotton, wheat, maize 
r i c e and sugar cane. These f i v e crops have been chosen 
to e x p l a i n the r e l a t i o n s h i p s between c l i m a t i c conditions 
and crop y i e l d s i n Egypt. 
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12.1 - Cotton y i e l d s :-
The c o t t o n y i e l d s around Alexandria, Tanta, Minya 
and Aswan, and f o r the whole country d u r i n g the p e r i o d 1960 
t o 197^ are shown i n Table 12.a. These f i f t e e n years have 
been used f o r s t a t i s t i c a l analysis t o e x p l a i n the r e l a t i o n -
ships between c o t t o n y i e l d s and weather c o n d i t i o n s . 
The object of the present chapter i s t o study the 
i n f l u e n c e of temperature, evaporation, p r e c i p i t a t i o n , 
r e l a t i v e h u m i d i t y , sunshine and wind speed on c o t t o n y i e l d s 
around Alexandria, Tanta, Miny and Aswan, using seasonal, 
monthly and d a i l y c l i m a t i c data f o r the p e r i o d 1960 t o 197^. 
12.2 - Current v a r i e t i e s of c o t t o n used i n Egypt :-
The current v a r i e t i e s of cotton being grown i n 
Egypt are the r e s u l t o f years of research work and studies 
aimed at s a t i s f y i n g the d i f f e r e n t needs of spinners and 
the v a r y i n g c l i m a t i c conditions e x i s t i n g throughout the 
country. Following i s a b r i e f d e s c r i p t i o n of the most 
important c h a r a c t e r i s t i c s o f the various v a r i e t i e s (Pig. 
12.1). 
A - Extra long staples over 3.5 cm :-
1 - Giza 45 :-
This i s a h y b r i d of Giza 28 x Giza 7. I t 
i s an e x c e l l e n t q u a l i t y c o t t o n which i s indeed considered 
as the most l u x u r i o u s v a r i e t y of c o t t o n i n the world. I t 
i s used i n the production of luxury t e x t i l e s and embroidery 
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Table 12. a 
Cotton Yield Data 
(Kg/Feddan)* 
s^Place 
Year ~- Alexandria Tanta Minya Aswan 
r 
Egypt 
1960 552.8 896.2 1011.2 596.9 819.0 
1961 418.9 483.5 719.8 496.1 505.6 
1962 680.4 949.7 845.8 801.7 806.4 
1963 689.9 1009.6 1053.7 474.1 855.2 
1964 781.2 1078.9 1058.4 15.8 985.9 
1965 746.6 853.7 943.4 387.5 863.I 
1966 834.8 680.4 941.9 667.8 770.2 
1967 103.9 711.9 929.3 , 978.1 743-4 
1968 269.3 795.4 930.8 475.7 826.9 
1969 425.3 910.4 951.3 160.7 911.9 
1970 598.5 979.7 804.8 1116.7 863.I 
1971 511.9 962.3 1023.8 967.1 929.3 
1972 508.7 1014.3 1034.8 859.9 916.7 
1973 382.7 968.6 825.3 1134.0 855.2 
1974 732.4 945.0 751.3 1122.9 828.5 
Mean 549.2 882.6 921.7 683.7 832.0 
Source : Ministry of Agriculture, Agricultural Censuses for 
years 1960 to 1974, Cairo, Egypt. 
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threads, and i n s p e c i a l i t i e s which r e q u i r e f i b r e s w i t h 
e x ceptional length and s t r e n g t h . This i s mainly c u l t i v -
ated i n Kafr ash Shaykh governorate i n the n o r t h d e l t a 
r e g i o n . I n t h i s area r e l a t i v e h u m i d i t i e s are high and 
temperatures are not too extreme. 
2 - Menoufi :-
This i s a h y b r i d o f Wafir x Sakha 3. I t 
i s an e x t r a long s t a p l e cotton used f o r most purposes, 
such as the manufacture of sewing threads, t r e c h o l i n e , 
the organdies and good q u a l i t y t e x t i l e s g e n e r a l l y . This 
v a r i e t y i s mainly found i n the northern and c e n t r a l areas 
of the Delta ( F i g . 12.1). 
3 - Giza 68 :-
This i s a h y b r i d of Menoufi x Giza 56. 
I t i s one of the new e x t r a long s t a p l e v a r i e t i e s which 
was released f o r growing commercially i n 1963. I t was 
o r i g i n a l l y introduced i n the Tanta region but i t s area 
has since been extended throughout the Delta. I n 1969 
i t covered an area of 228,396 feddans ( M i n i s t r y of 
A g r i c u l t u r e , Cairo, 1971). I t produces a crop y i e l d 
exceeding t h a t of the Menoufi v a r i e t y by 17.k%. Figure 
12.1 i n d i c a t e s t h a t t h i s v a r i e t y i s concentrated i n the 
c e n t r a l Delta r e g i o n . 
B - Long staples over 3.0 cm :-
1 - Giza 67 :-
This i s a h y b r i d of Giza 53 x Giza 30 
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and i s one of the new long s t a p l e v a r i e t i e s . I t was 
released f o r growing commercially i n 1963 and i t has since 
gained widespread p o p u l a r i t y i n the southern p a r t o f the 
centre o f the Delta ( F i g . 12.1). I n 1969 i t was c u l t i v a t e d 
over an area of 213,858 feddans ( M i n i s t r y of A g r i c u l t u r e , 
Cairo, 1969). I t gives the best crop among a l l the Delta 
v a r i e t i e s and i t i s considered as one of the best Egyptian 
cottons. 
2 - Giza 69 :-
This i s a h y b r i d of Giza 51 x 30 and i s 
also one o f the new Dong stap l e v a r i e t i e s . I t was i n t r o -
duced f o r c u l t i v a t i o n on a commercial scale i n 1966. Since 
then i t gained p o p u l a r i t y i n the southern p a r t of the 
Delta. I t i s p r i n c i p a l l y c u l t i v a t e d i n Giza and Qalyubiya 
governorates. By 1969 i t was already c u l t i v a t e d over an 
area of 119,156 feddans ( M i n i s t r y of A g r i c u l t u r e , Cairo, 
1969). I t completes w i t h Giza 67 i n producing a high y i e l d . 
3 ~ Dandara j _ -
This was selected from Giza 3 which had 
been o r i g i n a l l y derived from the Ashmouni. I t i s one o f 
the o l d long s t a p l e v a r i e t i e s , c u l t i v a t e d i n the southern 
p a r t o f Upper Egypt since i t i s r e s i s t a n t t o the high 
temperatures o f t h a t area ( F i g . 12.1). I t i s used f o r 
the manufacture of underclothes, v e s t s , t r i c o t threads 
and sports wear. 
C - Long medium staples over 2.8 cm :-
1 - Ashmouni :-
This i s the oldest Egyptian cotton as i t 
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was f i r s t introduced i n 1860. Ashmouni i s unique among 
a l l other Egyptian v a r i e t i e s f o r i t s almost complete 
freedom from neps. I t i s , t h e r e f o r e , c haracterized by 
i t s easy handling i n spinning. I t i s used i n the produc-
t i o n o f ordinary t e x t i l e s such as socks and vests. The 
greater p a r t o f the crop i s consumed l o c a l l y . This v a r i e t y 
i s l o c ated immediately south of Cairo and i n the N i l e 
v a l l e y governorates of Fayum and Minya, ( F i g . 12.1). 
2 - Giza 66 :-
This i s a h y b r i d of Giza 46 A x Giza 47 
and i s one of the new long/medium sta p l e v a r i e t i e s , which 
was released f o r c u l t i v a t i o n on a commercial scale i n 
1962. Since then i t has come t o occupy a larg e area i n 
Middle Egypt; and i n 1969 i t was c u l t i v a t e d over an area 
of 271,897 feddans ( M i n i s t r y of A g r i c u l t u r e , Cairo, 1969). 
The Cotton Research Control Board i s always keen 
on developing new v a r i e t i e s which give b e t t e r y i e l d s and 
have b e t t e r q u a l i t i e s than the present ones. Some new 
v a r i e t i e s have been r e c e n t l y developed and they are now 
i n the advanced stage o f m u l t i p l i c a t i o n . 
12.3 - Cotton growing season :-
The c o t t o n growing season covers an approximate 
p e r i o d o f 182 days from March 1st t o September 1st ( F i g . 
12.2). For a n a l y t i c a l purposes t h i s p e r i o d was d i v i d e d 
i n t o 26 7-day periods. The crop-growing season can be 
di v i d e d broadly i n t o the f o l l o w i n g p h y s i o l o g i c a l l y d i s t i n c t 
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Fig.l22TYPICAL GROWTH STAGES 
















































stages (see, Arnon, 1972, Huda et a l . , 1975 and 1976 and 
A g r i c u l t u r a l Research Review, 1966). 
1 - Germination and emergence stages :-
The f i r s t week of the growing season i s normally 
from March 1 s t , when the seed i s p l a n t e d , t o March 7th 
by which time emergence of the seedling w i l l have taken 
place. This p e r i o d i s usually characterized by Khamsin 
c o n d i t i o n s , which increase maximum and minimum d a i l y temp-
eratures and decrease d a i l y r e l a t i v e h u m i d i t i e s . 
2 - Vegetative stage :-
A f t e r emergence, the p e r i o d from March 8th t o 
A p r i l 18th i s known as the vegetative stage, which i s 
also characterized by Khamsin c o n d i t i o n s . 
3 - Growth stage :-
This stage includes the a c t i v e , the l a g vegetative 
and the reproductive growth periods. The c r i t i c a l stages 
of t h i s p e r i o d appears t o be maximum t i l l e r i n g , b o l l 
i n i t i a t i o n and f l o w e r i n g . This period l a s t s from about 
A p r i l 19th t o July 25th and c l i m a t o l o g i c a l l y includes 
both the Khamsin pe r i o d and the dry season. 
i\ - M a t u r i t y stage :-
This 3tage, i n c l u d i n g the r i p e n i n g stage o f the 
crop, covers the p e r i o d from J u l y 26th t o September 1st. 
During t h i s stage the shedding o f the b o l l s ceases almost 
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completely a f t e r they have reached t h e i r f u l l s ize (Arnon, 
1972). This period i s normally characterized by high 
d a i l y maximum temperatures and high d a i l y r e l a t i v e humid-
i t i e s . 
S t a t i s t i c a l analysis :-
I n the f o l l o w i n g paragraphs attempts have been 
made t o understand how the i n t e n s i t y and d i s t r i b u t i o n of 
d i f f e r e n t c l i m a t i c v a r i a b l e s a f f e c t cotton y i e l d s at 
d i f f e r e n t stages of growth. S t a t i s t i c a l analysis based 
on seasonal, monthly and d a i l y c l i m a t o l o g i c a l data have 
been u t i l i s e d . 
12.4 - C o r r e l a t i o n c o e f f i c i e n t techniques :-
A - C o r r e l a t i o n c o e f f i c i e n t s between c o t t o n y i e l d s and 
c l i m a t i c v a r i a b l e s using seasonal data :-
C o r r e l a t i o n c o e f f i c i e n t s were c a l c u l a t e d between 
the c l i m a t i c v a r i a b l e s , such as mean, maximum and minimum 
temperatures, evaporation, r e l a t i v e h u m i d ity, sunshine 
and wind speed data averaged over the growing season from 
March 1st t o September 1 s t , and cotton y i e l d s around 
Alexandria, Tanta, Minya and Aswan. The i n d i v i d u a l observ-
a t i o n s were the growing seasons f o r each year from 1960 
t o 1974, g i v i n g a sample of 15 years. 
According t o the r e s u l t s , which are shown i n 
Table 12 .b, there are no h i g h l y s i g n i f i c a n t c o r r e l a t i o n s 
between the c l i m a t i c v a r i a b l e s and the co t t o n y i e l d s . I t 
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can be seen t h a t there i s only a moderately high c o r r e l a t i o n 
between maximum temperature and crop y i e l d s at Minya and 
between r e l a t i v e humidity and crop y i e l d s at Aswan. These 
values are 0.55^ and 0.525 r e s p e c t i v e l y . Much lower 
c o r r e l a t i o n c o e f f i c i e n t s are recorded between the other 
c l i m a t i c parameters and crop yields. 
B - C o r r e l a t i o n c o e f f i c i e n t s between c l i m a t i c elements 
and cot t o n y i e l d s using monthly data :-
The c o r r e l a t i o n c o e f f i c i e n t s between c o t t o n y i e l d 
and c l i m a t i c v a r i a b l e s at Alexandria, Tanta, Minya and 
Aswan, using monthly c l i m a t i c data during the p e r i o d 1960 
to 197*1 are discussed. 
Temperature :-
The r e s u l t s o f the c o r r e l a t i o n analyses between 
the monthly mean, minimum and maximum a i r temperatures 
and the average y i e l d o f cotton around Alexandria, Tanta, 
Minya and Aswan are shown i n Table 12.c. 
At Alexandria, the mean and maximum temperatures 
have a moderate c o r r e l a t i o n w i t h c o t t o n y i e l d . The 
c o r r e l a t i o n c o e f f i c i e n t between mean temperature and co t t o n 
y i e l d i s equal t o 0.522 i n March; f o r maximum temperature 
i t i s equal to 0.675 i n March, and f o r minimum temperature 
i t i s equal to -0.5^9 i n May. This i n d i c a t e s t h a t the 
March mean, May minimum and March maximum temperatures 
are moderately c o r r e l a t e d w i t h c o t t o n y i e l d ( p o s i t i v e l y 
c o r r e l a t e d i n March and nega t i v e l y c o r r e l a t e d i n May). 
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ant a t the 558, 1$ and 5% l e v e l s f o r mean, maximum and 
minimum temperatures r e s p e c t i v e l y . 
The r e l a t i o n s h i p s between cot t o n y i e l d and mean, 
minimum and maximum temperatures at Tanta are not h i g h l y 
s i g n i f i c a n t except f o r the month of August. At t h i s time 
a c o r r e l a t i o n c o e f f i c i e n t o f - 0 .722 f o r mean; -0.781 f o r 
minimum and -0.6m f o r maximum temperatures were obtained. 
These i n d i c a t e t h a t the mean, minimum and maximum temper-
atures i n August are ne g a t i v e l y c o r r e l a t e d w i t h c o t t o n 
y i e l d at Tanta. 
The mean, minimum and maximum temperatures have 
low c o r r e l a t i o n c o e f f i c i e n t s w i t h c o t t o n y i e l d s at Minya. 
The highest values recorded are -O.589 f o r mean, - 0 . 4 5 0 
f o r minimum and - 0 .405 f o r maximum temperatures. These 
values are experienced duri n g August. Such c o r r e l a t i o n 
c o e f f i c i e n t s are not s i g n i f i c a n t s t a t i s t i c a l l y and, t h e r e -
f o r e , are u n r e l i a b l e . 
The strongest monthly c o r r e l a t i o n s between c o t t o n 
y i e l d and maximum and me gin temperatures at Aswan are 
equal t o -0 .799 and -0 .752 r e s p e c t i v e l y . Both o f these 
occurred i n June (Table 1 2.c). 
Evaporation :-
The strongest monthly c o r r e l a t i o n c o e f f i c i e n t s 
between evaporation and cot t o n y i e l d are equal t o - 0 . 7 1 9 , 
- 0 . 661 and - 0 .687 during A p r i l , July and August r e s p e c t i v e l y 
a t Tanta. These are h i g h l y s i g n i f i c a n t at the 1% l e v e l . At 
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Alexandria there are moderately high c o r r e l a t i o n s between 
co t t o n y i e l d and evaporation. These values are 0.584 and 
0.545 and occur i n A p r i l and May r e s p e c t i v e l y (Table 1 2.c). 
R a i n f a l l :-
R a i n f a l l i s o f no importance i n Upper and Middle 
Egypt and th e r e f o r e c o r r e l a t i o n c o e f f i c i e n t s cannot be 
ca l c u l a t e d because most values are zero. I n Lower Egypt 
the e f f e c t o f p r e c i p i t a t i o n can be s i g n i f i c a n t , e s p e c i a l l y 
d u r i n g the e a r l y p e r i o d of crop growth. Table 12.c shows 
t h a t r a i n f a l l has a weak c o r r e l a t i o n w i t h c o t t o n y i e l d s 
at Alexandria. This c o r r e l a t i o n c o e f f i c i e n t i s equal t o 
0.433 during March and 0.539 d u r i n g May. At Tanta the 
c o r r e l a t i o n c o e f f i c i e n t s i n A p r i l and May are equal t o 
0.508 and 0.409 r e s p e c t i v e l y . These c o r r e l a t i o n c o e f f i c i e n t s 
f a i l t o reach the 5% l e v e l of s i g n i f i c a n c e . 
R e l a t i v e humidity :-
The c o r r e l a t i o n c o e f f i c i e n t s between r e l a t i v e 
humidity and cot t o n y i e l d s are generally s i m i l a r t o those 
described f o r the previous v a r i a b l e s . The strongest 
monthly c o r r e l a t i o n c o e f f i c i e n t between r e l a t i v e humidity 
and cotton y i e l d i s equal t o 0.712 and t h i s occurs dur i n g 
July at Tanta. I t i s h i g h l y s i g n i f i c a n t at the 1% l e v e l . 
A moderately high monthly c o r r e l a t i o n c o e f f i c i e n t equal 
t o 0 .627 was experienced during A p r i l a t Tanta. The 
moderately high c o r r e l a t i o n c o e f f i c i e n t of 0 .559 i n A p r i l 
a t Alexandria and 0.524 and 0.554 f o r May and June 
r e s p e c t i v e l y at Aswan have been computed. 
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Sunshine i -
The sunshine regime i s also of s i g n i f i c a n c e t o 
the c o t t o n y i e l d . I t may be seen from Table 12 .c t h a t 
the strongest c o r r e l a t i o n c o e f f i c i e n t between sunshine 
and c o t t o n y i e l d s i s equal t o -0 .663» and i s experienced 
duri n g June a t Alexandria. A moderately high c o r r e l a t i o n 
c o e f f i c i e n t equal t o -O.569 characterises Tanta i n A p r i l . 
I n Minya, r e s u l t s f o r March and A p r i l produced moderately 
high c o r r e l a t i o n c o e f f i c i e n t s of -O.547 and - 0 . 5 3 7 
r e s p e c t i v e l y . 
Wind speed 1 -
The strongest monthly c o r r e l a t i o n c o e f f i c i e n t 
between wind speed and cot t o n y i e l d i s equal t o 0.681, 
occuring during June a t Alexandria. A moderately high 
c o r r e l a t i o n c o e f f i c i e n t , equal t o 0 .620, was found f o r 
June a t Aswan. At Minya a moderately high c o r r e l a t i o n 
c o e f f i c i e n t , equal t o O.567, a l s o occurs i n June (Table 
1 2 . c ) . 
The c o r r e l a t i o n c o e f f i c i e n t s o u t l i n e d above 
between co t t o n y i e l d s and selected c l i m a t i c elements are 
not as f r u i t f u l as might be hoped. The negative r e l a t i o n -
ship between y i e l d and maximum as w e l l as minimum temper-
atures could be i n t e r p r e t e d as temperature cannot be 
stored ( i n the sense t h a t r a i n f a l l i s stored i n the s o i l ) , 
i t s i n f l u e n c e on crop growth i s of an immediate n a t u r e . 
These c o r r e l a t i o n r e s u l t s also prove t h a t average meteor-
o l o g i c a l c o n d i t i o n s over the whole crop-growing season 
are not very u s e f u l f o r p r e d i c t i n g u l t i m a t e y i e l d s . To 
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improve upon t h i s s i t u a t i o n d a i l y data have been used t o 
analyse the r e l a t i o n s h i p s between c o t t o n y i e l d s and 
selected c l i m a t i c v a r i a b l e s using a m u l t i p l e r egression 
technique. 
12.5 - M u l t i p l e regression equations :-
The o b j e c t i v e of t h i s study was t o show how the 
average weekly, minimum and maximum temperatures, r e l a t i v e 
humidity and wind speed i n t e r a c t a t various times d u r i n g 
the growing season and e f f e c t crop y i e l d . A second degree 
m u l t i p l e r e g r e s s i o n equation between crop y i e l d and each 
c l i m a t i c v a r i a b l e has been used by Huda et a l . , (1975 and 
1976) and Runge (1968) i n an attempt t o study the r e l a t i o n 
ships between maize and r i c e y i e l d s and weather parameters 
This technique was developed o r i g i n a l l y by Fisher (192*0, 
modified by Henrick and S c h o l l (19^3)• and l a t e r adapted 
by Stacy et a l . , (1957)• The average weekly maximum and 
minimum temperatures, r e l a t i v e h u m i d i t i e s and wind speeds 
f o r the 26 weeks of the c o t t o n growing season and the 
cot t o n y i e l d s f o r the 15 years (from 1960 - 1 9 7 M , a t 
Alexandria, Tanta, Minya and Aswan were analysed. 
The m u l t i p l e regression techniques used i n the 
present chapter are s i m i l a r t o those used by Runge (1968) 
and Huda et a l . , (1975 and 1976) . The second degree 
m u l t i p l e r egression equation between c o t t o n y i e l d and 
selected c l i m a t i c v a r i a b l e s i s 1 -
n Q n 1 y = Ao + a, S ( t i x. ) + a 0 S ( t . x. ) 
1 i = l 1 * i = l 1 1 
+ a., ( t 2 , x.) + MT 
3 i = l 
- 318 -
Where Y = Crop y i e l d (Quintar/feddan) (Quintar = 157.5 Kg); 
Ao, a-^ , a 2 > 3ij and M = Constants; X = any c l i m a t i c 
v a r i a b l e w i t h i n each 7-day pe r i o d ; t ^ = the number of 
each of the 7-day periods ( i t :.s 1 f o r the per i o d from 
March 1 - 7 and 26 f o r the pe r i o d August 23 - 2 9 ) , n = 
26 7-day periods i n the growing season; T = year number 
(beginning w i t h one i n 1960 and ending w i t h f i f t e e n i n 
197*0. 
Since the data on r e l a t i v e humidity were i n 
percentages and were not normally d i s t r i b u t e d , the data 
werei t h e r e f o r e , transformed using the arc-sine r o o t 
p r o p o r t i o n and then subjected t o a n a l y s i s (Fisher and 
Yates, 197*0. 
Results and discussion :-
E f f e c t of c l i m a t i c v a r i a b l e s on cot t o n y i e l d s :-
The average data f o r the 15 years from 1960 t o 
197*+ f o r the 26 weeks of the c o t t o n growing season con-
cerning maximum and minimum d a i l y temperatures, mean 
d a i l y r e l a t i v e h u m i d i t i e s and mean d a i l y wind speeds are 
included ( F i g . 12 . 3 and Appendix 2A). These data, along 
w i t h the co t t o n y i e l d s f o r the 15 years were analysed 
using m u l t i p l e - regression techniques. The e f f e c t of 
the selected c l i m a t i c v a r i a b l e s on c o t t o n y i e l d d u r i n g 
each stage of the growing season is discussed separately «-
D i s t r i b u t i o n of c l i m a t i c v a r i a b l e s t -
The d i s t r i b u t i o n of c l i m a t i c v a r i a b l e s d u r i n g 
the c o t t o n growing season i s discussed f i r s t and then 
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t h e i r e f f e c t on c o t t o n y i e l d i s considered. 
Average maximum d a i l y temperatures :-
The average maximum d a i l y temperatures d u r i n g the 
co t t o n growing season v a r i e d from 20 .4 t o 31.1°C a t 
Alexandria; from 22.1 t o 34.5°C at Tanta; from 24-.8 t o 
37.5°C a t Minya and from 29.0 t o 42 .4°C at Aswan. The 
d i s t r i b u t i o n of average maximum d a i l y temperatures f o r 
each 7-day period during the c o t t o n growing season are 
shown i n Figures 12.3 and 1 2 . 4 . I t can be seen t h a t up 
t o week 3 there i s a s l i g h t tendency f o r temperatures t o 
increase a t Alexandria and Minya, whereas a t Tanta there 
i s no change. At Aswan there i s an increase from week 1 
t o week 2 followed by a dec l i n e t o the o r i g i n a l l e v e l . 
Between week 3 and week 4 temperatures f a l l a t a l l s t a t i o n s 
except at Aswan. From week 4 t o week 7 a sharp temprature 
r i s e occurs a t a l l s t a t i o n s , f o l lowed by a second s l i g h t 
drop everywhere except, a t Aswan. A f t e r week 8 there i s 
a general increase, steady and prolonged, c o n t i n u i n g 
u n t i l week 16. Then, between week 16 and 19 a s l i g h t 
d ecline takes place a t Tantaj Minya and Aswan, w h i l e a t 
Alexandria, there i s a continued increase. During the 
pe r i o d a f t e r week 19 temperatures are l a r g e l y s t a b l e , 
though w i t h small f l u c t u a t i o n s u n t i l week 25 when a general 
de c l i n e begins. 
Average minimum d a i l y temperatures i -
The average minimum d a i l y temperatures d u r i n g the 
c o t t o n growing season v a r i e d from 10 .2 t o 22«9°C a t 
2n 
8 co CM 
CM CM 
CM CM CM CM 
8 CM cn > 
co GO I 
txJ J 10 10 cn Id or 
</> 
CM CM i (J UJ 
i l±J i co UJ l i J 
ID (0U> en UJ 111 
LJJ 
CM CM Q 
GO r — i CO tO CM m O in O m o 8 CM CM en 
CO <o 8 '—l( 7 CM \ O CD 
CMO CM 
I 
i CMO CM 
01 o <\ll-CM 





Id i 1 
LiJ 
CM >- CM 
I I 
UJ I r~ CD 
i i 
Id or CO co i 
Ld O L J ID > CD 
CM 
UJ CP CM ( V CM 
I—<( 
m o in o m o m CM CM CM co CD in 
- 3 2 1 -
ID ID i l i CM CM 
CM CM 
<M CM CM CM 
CM CM 
CD CO 
U5 ID CO 
a: 
(NJ 
a: a> U J a. CO oo 
U J 
00 00 ID 
UJ 
UJ 
oo 2 cn CMo CM 
I 
UJ CD c/> CM CM to IO 
ID ID I CM* CM 
2 00 CM O CM 
CM O CMS- P CM CO 




U J z 
< P CM CM 
>-. b 





O in in O m m in m m to CMto CM CM CM to to 
D„) S3WDlva3dW31 
- 322 -
Alexandria; from 8.5 t o 20.3°C a t Tanta; from 7.8 t o 
20.8°C a t Minya and from 10.9 t o 24.1°C a t Aswan. I t 
can "be seen from Figures 12.3 and 12.4 t h a t up t o week 
3 there i s a s l i g h t increase a t a l l s t a t i o n s , f o l l o w e d 
by a f a l l i n week 4 except a t Alexandria. From week 4 
t o week 15 the t r e n d i s f o r a general increase, s i m i l a r 
t o t h a t f o r maximum temperatures a f t e r week 8. A f t e r 
week 15 increases continue a t Alexandria, again p a r a l l e l i n g 
the changes i n maximum temperature, whereas elsewhere 
there i s s t a b i l i t y w i t h only small f l u c t u a t i o n s . 
Average d a i l y r e l a t i v e h u m i d i t i e s i -
The average d a i l y r e l a t i v e h u m i d i t i e s during the 
c o t t o n growing season v a r i e d from 62.8 t o 72.1$ a t 
Alexandria; from 52.7 t o 73.2# a t Tanta; from 32.3 t o 
49.9% a t Minya and from 17.1 t o 29.5$ a t Aswan. Figure 
12.3 shows t h a t from week 1 t o week 14- a decline i n 
r e l a t i v e h u m i d i t i e s occurred a t Tanta, Minya and Aswan, 
which are u s u a l l y the r e s u l t of the onset of Khamsin con-
d i t i o n s . At Alexandria there i s l i t t l e change owing t o 
the sea-breeze e f f e c t . A f t e r week 14 there i s a slow 
r e t u r n t o high r e l a t i v e humididy l e v e l s as the Khamsin 
d e c l i n e s . Alexandria i s again l i t t l e a f f e c t e d . 
Average mean d a i l y wind speeds :-
The average d a i l y wind speeds f o r the c o t t o n grow-
in g season v a r i e d from 8.6 t o 11.0 knots a t Alexandria; 
from 2.6 t o 5 .5 knots at Tanta; from 3*2 t o 7«7 knots a t 
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Minya and from 5*6 t o 10.2 knots a t Aswan. Average d a i l y 
wind speeds are shown i n Figure 12.3. I t can be seen 
t h a t up t o week 15 there i s general t r e n d towards an 
increase i n v e l o c i t y a t Minya. This c o n t r a s t s w i t h the 
strong f l u c t u a t i o n s a t Alexandria due t o Khamsin c o n d i t i o n s , 
while a t Aswan the increase i n v e l o c i t i e s i s mainly r e l a t e d 
t o the frequency of duststorms (see Khamsin c h a p t e r ) . At 
Tanta wind v e l o c i t i e s remain r e l a t i v e l y constant. A f t e r 
week 16 a decline i n v e l o c i t i e s takes place everywhere 
except a t Alexandria, which shows an increase, though 
w i t h marked f l u c t u a t i o n s between weeks 22 and 24 ( F i g . 
12.3). 
The e f f e c t of maximum d a i l y temperature t-
The m u l t i p l e - r e g r e s s i o n equations were obtained 
f o r maximum d a i l y temperature a t Alexandria, Tanta, Minya 
and Aswan. The constant values f o r these equations are 
shown i n Appendix 2B. The e f f e c t of maximum temperatures 
on c o t t o n y i e l d s during each period of the growing season 
i s discussed separately. The net change i n c o t t o n y i e l d s 
f o r d i f f e r e n t weeks of the growing season, when the 
i 
temperature was 1°C above the average maximum d a i l y 
temperature i s presented i n Figure 12 . 5 . These r e s u l t s 
have been computed using the m u l t i p l e r egression equation 
which was discussed i n the preceding pages ( f o r more 
d e t a i l s about the technique used, see Appendix 3» where 
a complete example f o r the maximum temperature c a l c u l a t i o n 
a t Alexandria i s i n c l u d e d ) . 
During the emergence pe r i o d of the c o t t o n (week 1 ) , 
the average maximum d a i l y temperature was 20.4°C a t 
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Alexandria, 23.2°C at Tanta, 25.4°C at Minya and 29.1°C 
a t Aswan. An increase of 1°C i n the average maximum 
d a i l y temperature d u r i n g t h i s p e r i o d , r e s u l t e d i n a 
pr e d i c t e d increase of co t t o n y i e l d of 27.09 Kg/fed. at 
Alexandria, 2.52 Kg/fed. at Tanta, 1.41 Kg/fed. a t Minya 
and 8.98 Kg/fed. a t Aswan ( F i g . 1 2 . 5 ) . 
The average maximum d a i l y temperature d u r i n g the 
vege t a t i v e stage (weeks 2-8) v a r i e d from 20.4°C t o 24.6°C 
at Alexandria, from 22.1°C t o 28.1°C a t Tanta, from 24.8°C 
t o 30.9°C at Minya and from 29.0°C t o 35.3°C at Aswan. 
An increase i n maximum d a i l y temperature of 1°C during 
the 5 th week (the middle week of the vegetative stage) 
had a b e n e f i c i a l e f f e c t on y i e l d of the order of 10.71 Kg/ 
f e d . a t Alexandria, 1.54 Kg/fed. Tanta, and 7 .51 Kg/fed. 
a t Aswan. I n contrast a r e d u c t i o n i n y i e l d of 0 .51 kg/fed. 
a t Minya was p r e d i c t e d ( F i g . 1 2 . 5 ) . 
During the growth stage (weeks 8 -22) , the average 
maximum d a i l y temperature increased from 23.4°C t o 30.7°C 
at Alexandria, from 26.3°C t o 34.5 at Tanta, from 30.0°C 
t o 37.5°C at Minya, and from 350°C t o 42.4°C a t Aswan. 
During the 15th week (the middle week of the growth stage), 
an increase of 1°C above the average maximum d a i l y temp-
erature suggested a r e d u c t i o n i n y i e l d of 9*29 kg/fed. a t 
Alexandria, 1.24 kg/fed. a t Tanta, 4 .34 kg/fed. a t Minya 
and 4.85 kg/fed. a t Aswan ( F i g . 1 2 . 5 ) . 
The average maximum d a i l y temperature d u r i n g the 
maturation p e r i o d (weeks 22-26) v a r i e d from 30.1°C t o 
31.1°C at Alexandria, from 32.8°C t o 33.4°C a t Tanta, from 
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35-6°C t o 36.2°C at Minya, and from *K>.0°C t o 4l . 9°C 
a t Aswan. I f the maximum d a i l y temperature d u r i n g the 
24th week (the middle week of the maturation p e r i o d ) was 
1°C more than the average value, the p r e d i c t e d c o t t o n 
y i e l d would be reduced by 3.22 kg/fed. a t Tanta, 8.03 kg/ 
fe d . a t Minya and 25.^6 kg/fed. a t Aswan. I n contrast a 
b e n e f i c i a l e f f e c t on c o t t o n y i e l d of 2.05 kg/fed. was 
recorded a t Alexandria ( F i g . 12 . 5 ) . I n c o n t r a s t , i f 
there was a 1°C decrease i n the average maximum d a i l y 
temperature during any pe r i o d o f the growing season, the 
opposite e f f e c t on y i e l d of the same order t o those out-
l i n e d above i s p r e d i c t e d . 
The e f f e c t of minimum d a i l y temperature :-
The m u l t i p l e - regression equations obtained f o r 
minimum d a i l y temperature, f o r Alexandria, Tanta, Minya 
and Aswan are shown i n Appendix 2B. 
During the emergence stage (week 1 ) , the average 
minimum d a i l y temperature was 10.2°C a t Alexandria, 8.5°C 
at Tanta, 7.8°C.at Minya and 10.9°C a t Aswan. I f the 
average minimum d a i l y temperatures d u r i n g t h i s p e riod 
were 1°C more than the average, b e n e f i c i a l e f f e c t s on 
c o t t o n y i e l d s would be observed. These were of the order 
of 1.93 kg/fed. a t Alexandria, 1.89 kg/fed. at Tanta, 1.12 
kg/fed. a t Minya and 10.71 kg/fed. a t Aswan ( F i g . 1 2 . 6 ) . 
The average d a i l y minimum temperature during the 
vegetative stage (weeks 2 - 8 ) , v a r i e d from 10.7°C t o 1^.3°C 
a t Alexandria, from 8.9°C t o 12.0°C a t Tanta, from 8.3°C 
t o 13.9°C a t Minya and from 12.0°C t o 17.8°C a t Aswan. I f 
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there was an increase i n the minimum d a i l y temperature o f 
1°C above the average value during the 5th week (the middle 
of the vegetative stage) a b e n e f i c i a l e f f e c t on cot t o n 
y i e l d of 6.77 kg/fed. a t Alexandria, 9.45 kg/fed. a t Aswan 
0.42 kg/fed. at Minya and 0.40 kg/fed. at Tanta was pre-
d i c t e d ( F i g . 12.6). 
During the growth stage (weeks 8-22), the average 
minimum d a i l y temperature v a r i e d from 13.8°C t o 22.8°C at 
Alexandria, from 11.5°C t o 20.3°C at Tanta, from 13 .9°C 
to 20.4°C a t Minya and from 17-8°C t o 24.1°C at Aswan. An 
increase i n minimum d a i l y temperature d u r i n g the 15th week 
(the middle of the growth stage) of 1°C above the average 
value, p r e d i c t e d an adverse e f f e c t on y i e l d o f 1.39 kg/fed. 
at Minya, and 2.06 kg/fed. at Tanta. I n co n t r a s t a bene-
f i c i a l e f f e c t on y i e l d of 0.16 kg/fed. at Aswan and 1.18 
kg/fed. at Alexandria was p r e d i c t e d ( F i g . 12.6). 
During the m a t u r i t y stage (weeks 22-26), the average 
minimum d a i l y temperature v a r i e d from 22 .8°C t o 22.9°C a t 
Alexandria, from 19.4°C t o 19.9°C at Tanta, from 19 .9°C t o 
20 .8°C at Minya and from 22 .8°C t o 23 .8°C at Aswan. An 
increase i n minimum d a i l y temperature d u r i n g t h i s p e r i o d 
of 1°C above the average value p r e d i c t e d an adverse e f f e c t 
on y i e l d . During the 24th week (the middle of the m a t u r i t y 
s t a g e ) , the r e s u l t s showed t h a t the adverse e f f e c t due t o 
an increase i n the minimum d a i l y temperature was 27.51 kg/fed. 
at Alexandria, 16.97 kg/fed. at Aswan, 6.09 kg/fed. at Tanta 
and 3.18 kg/fed. at Minya ( F i g . 12.6). 
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The e f f e c t o f mean d a i l y r e l a t i v e humid i t y : -
The m u l t i p l e regress ion equations ob ta ined f o r mean 
d a i l y r e l a t i v e humid i ty f o r A l e x a n d r i a , Tanta , Minya and 
Aswan are shown i n Appendix 2B. 
Figure 12.7 show c l e a r l y the net change i n c o t t o n 
y i e l d due t o a 1$ increase i n r e l a t i v e humid i ty at A l e x a n d r i a , 
Minya and Aswan. At Tanta the e f f e c t o f r e l a t i v e humid i ty 
on c o t t o n y i e l d i s not s i g n i f i c a n t . 
Dur ing the emergence p e r i o d (week 1 ) , the average 
d a i l y r e l a t i v e humid i t y was 68.1$ a t A l e x a n d r i a , 49.9$ a t 
Minya and 29.5% a t Aswan. An increase o f 1$ r e l a t i v e humid-
i t y had an adverse e f f e c t on c o t t o n y i e l d o f 1.08 k g / f e d . 
at A l e x a n d r i a , and 1.0 k g / f e d . a t Minya. At Aswan a 
b e n e f i c i a l e f f e c t on y i e l d o f 0 .21 k g / f e d . was p r e d i c t e d 
( F i g . 1 2 . 7 ) . 
During the vege ta t ive stage (weeks 2-8) the r e l a -
t i v e humid i ty v a r i e d f rom 62.8% t o 69.3% a t A l e x a n d r i a , 
f r o m 38.0% t o 49.335 at Minya and f rom 21.1% to 25.9* a t 
Aswan. I f the average d a i l y r e l a t i v e humid i ty d u r i n g the 
5 th week ( the middle o f the vege ta t ive s tage) was increased 
by 1% an adverse e f f e c t on c o t t o n y i e l d i s p r e d i c t e d o f 
the order o f 0.92 k g / f e d . at Alexandr ia and 0.72 k g / f e d . 
a t Minya. A b e n e f i c i a l e f f e c t on c o t t o n y i e l d s o f 0.43 
k g / f e d . was p r e d i c t e d f o r Aswan ( F i g . 1 2 . 7 ) . 
The average d a i l y r e l a t i v e h u m i d i t y d u r i n g the 
growth stage (weeks 8-22) , v a r i e d f rom 63.7$ t o 72.1% 
at A l e x a n d r i a , f r o m 32.3$ t o 44.3$ a t Minya and f rom 17.1$ 
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to 24.4JJ a t Aswan. I f the average d a i l y r e l a t i v e humid i ty 
increased by 156 d u r i n g the 15th week ( the middle o f the 
growth s t a g e ) , a b e n e f i c i a l e f f e c t on c o t t o n y i e l d o f 
0.94 k g / f e d . a t Aswan and 0 .01 k g / f e d . a t Minya was p r e -
d i c t e d . I n con t r a s t a r e d u c t i o n i n y i e l d o f 0.52 k g / f e d . 
was p r e d i c t e d a t A lexandr i a . 
The average d a i l y r e l a t i v e humid i t y d u r i n g the 
ma tu ra t ion p e r i o d (weeks 2 2 - 2 6 ) , v a r i e d f rom 6 8 . 8 ? t o 
70- 1^ % at A l e x a n d r i a , f rom 44.058 to 47.9% a t Minya and f rom 
22.75? t o 26.9% a t Aswan. I f the average d a i l y r e l a t i v e 
humid i ty increased by 1% du r ing the 24th week ( the middle 
o f the ma tu ra t ion p e r i o d ) , a b e n e f i c i a l e f f e c t on y i e l d 
o f 1 .35 k g / f e d . at Aswan, and 0 .63 k g / f e d . at Minya was 
recorded. I n c o n t r a s t , an adverse e f f e c t on y i e l d o f 0.23 
k g / f e d . was p r e d i c t e d at Alexandr ia ( F i g . 1 2 . 7 ) . 
The e f f e c t o f d a i l y wind speed : -
The m u l t i p l e regress ion equations f o r d a i l y wind 
speed obta ined f o r A l e x a n d r i a , Tanta , Minya and Aswan are 
shown i n Appendix 2B. The e f f e c t o f d a i l y wind speed on 
c o t t o n y i e l d s i s h i g h l y s i g n i f i c a n t f o r Tanta and Minya, 
but not at A lexandr i a and Aswan. 
The net change i n c o t t o n y i e l d due t o a 1 knot 
increase i n wind speed was c a l c u l a t e d f o r Tanta and Minya. 
The r e s u l t s are shown i n Figure 12 . 8 . 
During the emergence p e r i o d (week 1 ) , the average 
wind speed was 3.8 knots a t Tanta and 5*0 knots a t Minya. 
An increase o f 1 knot above the average d a i l y wind speed 
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had a b e n e f i c i a l e f f e c t on c o t t o n y i e l d o f 11.58 k g / f e d . 
a t Tanta. I n con t r a s t an adverse e f f e c t on y i e l d s o f 
2 .51 k g / f e d . a t Minya was p r e d i c t e d ( P i g . 1 2 . 8 ) . 
During the vege ta t ive stage (weeks 2 - 8 ) , the d a i l y 
wind speed v a r i e d f rom 4 . 0 t o 5 .5 knots a t Tanta and f rom 
5 .4 t o 7.5 knots a t Minya. I f the average d a i l y wind speed 
increased by 1 knot d u r i n g the 5th week ( the middle o f the 
vege ta t ive s t a g e ) , an adverse e f f e c t on c o t t o n y i e l d o f 
8.15 k g / f e d . a t Minya was p r e d i c t e d . At Tanta a b e n e f i c i a l 
e f f e c t on y i e l d o f 10.02 k g / f e d . was suggested ( F i g . 1 2 . 8 ) . 
During the growth stage (weeks 8 - 2 2 ) , the average 
d a i l y wind speed v a r i e d f rom 2 .9 t o 5 .4 knots a t Tanta and 
f rom 3 .2 t o 8.7 knots a t Minya. I f the average d a i l y wind 
speed was increased by 1 knot d u r i n g the 15th week ( the 
middle o f the growth s t a g e ) , a b e n e f i c i a l e f f e c t on c o t t o n 
y i e l d o f 5 .53 k g / f e d . a t Tanta was recorded . I n con t r a s t 
an adverse e f f e c t on y i e l d o f 1 .53 k g / f e d . a t Minya was 
p r e d i c t e d ( F i g . 1 2 . 8 ) . 
The average d a i l y wind speed d u r i n g the ma tu ra t ion 
p e r i o d (weeks 22 -26 ) , v a r i e d f rom 2 .6 t o 2 .9 knots at Tanta , 
and f rom 3 .2 t o 5 . 1 knots a t Minya. I f the average d a i l y 
wind speed increased by 1 knot d u r i n g the 24th week ( the 
middle o f the ma tu ra t i on p e r i o d ) a b e n e f i c i a l e f f e c t on 
c o t t o n y i e l d was p r e d i c t e d f o r b o t h o f the s t a t i o n s . The 
increase i n y i e l d was I . 5 6 k g / f e d . a t Tanta and 20 .36 k g / f e d 
a t Minya ( F i g . 1 2 . 8 ) . 
12 .6 - A c t u a l and p r e d i c t e d c o t t o n y i e l d s : -
The aim o f t h i s p a r t o f the study was t o p r e d i c t 
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c o t t o n y i e l d s f rom the se lec ted c l i m a t o l o g i c a l v a r i a b l e s 
and to e x p l a i n the e f f e c t o f d i f f e r e n t c l i m a t i c elements 
on crop response measured by y i e l d s t a t i s t i c s (Robertson, 
1968; and B a i e r , 1 9 7 3 ) . 
The p r e d i c t e d c o t t o n y i e l d s around A l e x a n d r i a , 
Tanta , Minya and Aswan were c a l c u l a t e d f o r a p e r i o d o f 
15 years f rom 1960 t o 1974 i n c l u s i v e . These r e s u l t s were 
obta ined by us ing m u l t i p l e r egress ion equations f o r maximum 
and minimum temperatures , mean r e l a t i v e h u m i d i t i e s , and 
mean d a i l y wind speeds. These equations have been d i s -
cussed i n the preceding pages. The r e s u l t s o f the c a l c u l a -
t i o n s are shown i n Figure 1 2 . 9 . I t can be seen f rom t h i s 
f i g u r e t h a t i n 1967 the a c t u a l c o t t o n y i e l d s were p a r t i c u l a r l y 
low at A l e x a n d r i a . One o f the reasons f o r t h i s was the 
1967 June War which had f a r reach ing d e t r i m e n t a l e f f e c t s 
on a g r i c u l t u r e output i n Lower Egypt . At Aswan, the a c t u a l 
c o t t o n y i e l d s were very low i n 1964 and i n 1969. This was 
p a r t l y as the r e s u l t o f the comple t ion o f the f i r s t and 
l a s t stages o f the High Aswan Dam i n 1964 and 1969 r e spec t -
i v e l y , which caused f l o o d i n g i n pa r t s o f the area i n ques t i on 
( S h i b l , 1971 ) . 
Table 1 2 . d shows c l e a r l y t h a t there i s a h i g h l y 
s i g n i f i c a n t c o r r e l a t i o n between the a c t u a l and p r e d i c t e d 
c o t t o n y i e l d s a t A l e x a n d r i a , Tanta , Minya and Aswan. The 
s t ronges t c o r r e l a t i o n c o e f f i c i e n t between a c t u a l and p r e -
d i c t e d c o t t o n y i e l d s i s equal t o O.765 i n Aswan f o r maximum 
temperature . This was found t o be s i g n i f i c a n t a t the 1% 
l e v e l . This i n d i c a t e s t h a t the c o t t o n y i e l d s p r e d i c t e d 
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are h i g h l y c o r r e l a t e d w i t h a c t u a l c o t t o n y i e l d s . The 
weakest c o r r e l a t i o n c o e f f i c i e n t i s equal t o 0 .320 a t 
Tanta f o r r e l a t i v e h u m i d i t y . This i s i n s i g n i f i c a n t , as i s 
a lso the c o r r e l a t i o n c o e f f i c i e n t f o r wind speeds a t 
A lexandr i a ( 0 .321 ) and a t Aswan ( 0 . 1 » 0 1 ) , (Table 1 2 . d ) . 
12.7 ~ Discuss ion : -
The c o t t o n growing season was d i v i d e d i n t o f o u r 
d i f f e r e n t stages ( the emergence, the v e g e t a t i v e , the growth 
and the m a t u r i t y stages) according to the i n t e n s i t y and 
d i s t r i b u t i o n o f c l i m a t i c f a c t o r s , o f which temperature i s 
probably the most i m p o r t a n t . The importance o f temperature 
i s c l e a r l y shown i n the experiments o f numerous researchers 
i n t h i s f i e l d ( P o w e l l , 1969; A r n d t , 1945; McMichael and 
Powe l l , 1971; Powell and Amin, 1969; Gipson and Joham, 1968; 
Anderson, 1971; Noggle, 1973 and others). 
The temperature requirements f o r the emergence 
p e r i o d (week 1) o f the c o t t o n p l a n t are h i g h . A maximum 
temperature o f 35°C gives a s l i g h t l y more r a p i d ge rmina t ion 
than does 30°C, which i n t u r n produces cons iderably more 
r a p i d ge rmina t ion than does 25°C (McMichael and P o w e l l , 
1971 and Arnon, 1 9 7 2 ) . The b e n e f i c i a l e f f e c t on y i e l d 
observed w i t h an increase i n maximum d a i l y temperature 
d u r i n g t h i s p e r i o d a t A l e x a n d r i a , Tanta , Minya and Aswan 
was cons i s t en t w i t h the f o r e g o i n g g e n e r a l i s a t i o n . I n 
p a r t i c u l a r i t was noted t h a t t h e l a r g e s t p r e d i c t e d increase 
i n y i e l d occurred a t A l e x a n d r i a , which had the lowest 
maximum temperatures . However, i t must be remembered t h a t 
d i f f e r e n t c o t t o n v a r i e t i e s are grown i n the Alexandr i a area 
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which makes i t d i f f i c u l t to i s o l a t e c l i m a t i c f rom p l a n t 
e f f e c t s as f a r as t h e i r i n f l u e n c e on y i e l d s i s concerned. 
Arndt (19^5) who s tud ies temperature-growth r e l a -
t i o n s o f r o o t and h y p o c o t y l development o f c o t t o n seed-
l i n g s i n south Caro l ina concluded t h a t low minimum temp-
era tu res below (15- l8°C) s h o r t l y a f t e r sowing, may cause 
the decay o f a Darge p r o p o r t i o n o f the seed; delay emerg-
ence; r e t a r d seed l ing development and encourage diseases 
causing seed l ing m o r t a l i t y . He also found t h a t the op t ima l 
maximum temperatures d u r i n g the emergence stage are between 
27°C and 33°C. The au tho r ' s r e s u l t s showed t h a t an increase 
i n d a i l y minimum temperature d u r i n g the emergence stage 
causes a b e n e f i c i a l e f f e c t on c o t t o n y i e l d s a t a l l s t a t i o n s . 
This suggests t h a t the optimum minimum temperatures are 
probably i n excess o f 11°C. These r e s u l t s , t h e r e f o r e , 
tend t o agree i n a general way w i t h the values found by 
Arndt (1945). 
I t i s gene ra l l y b e l i e v e d t h a t i n a season o f h i g h 
mean r e l a t i v e humid i ty (above 55%), the c o t t o n may s u f f e r . 
Hoffman 's research (1973) i n C a l i f o r n i a revea led a poor 
c o r r e l a t i o n between r e l a t i v e humid i ty and the growth r a t e 
o f the c o t t o n p l a n t . Wi th an increase o f d a i l y r e l a t i v e 
h u m i d i t i e s d u r i n g the emergence p e r i o d a decrease i n 
c o t t o n y i e l d was p r e d i c t e d at A lexandr i a and Minya, where 
the average d a i l y r e l a t i v e h u m i d i t i e s p r e v a i l i n g d u r i n g 
t h i s p e r i o d are a l ready q u i t e h i g h ( P i g . 1 2 . 3 ) . At Aswan, 
where r e l a t i v e h u m i d i t i e s are low an increase i n r e l a t i v e 
humid i t y p r e d i c t e d an increase i n y i e l d . Thfe i n d i c a t e s 
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t h a t the optimum r e l a t i v e humid i ty i s about 30$ d u r i n g 
the emergence s tage . S i m i l a r r e s u l t s t o these were ob ta ined 
by Hoffman (1973) . 
The average d a i l y wind speed does not have a 
s i g n i f i c a n t e f f e c t on y i e l d s a t A lexandr i a and Aswan, but 
does a t Tanta and Minya. The present r e s u l t s show t h a t a 
b e n e f i c i a l e f f e c t on c o t t o n y i e l d due t o an increase i n 
wind speed was ob ta ined a t Tanta. I n con t r a s t an adverse 
e f f e c t on c o t t o n y i e l d was p r e d i c t e d at Minya. This i s 
because the average d a i l y wind speed recorded d u r i n g t h i s 
p e r i o d at Tanta was q u i t e low i n con t r a s t w i t h Minya. 
This suggests t h a t the optimum wind speeds are between 
3.5 and 4 k n o t s . 
The p e r i o d f rom March 8 th t o A p r i l 19th (weeks 2-8) 
inc ludes the vege ta t ive s tage. McMichael and Powell (1971) 
showed i n t h e i r exper imenta l work i n Texas t h a t the optimum 
temperatures d u r i n g the vege ta t ive stage are 24°C and 10°C 
f o r maximum and minimum temperatures r e s p e c t i v e l y . S i m i l a r 
r e s u l t s have been c a l c u l a t e d by the present au thor . These 
i n d i c a t e t h a t an increase i n maximum temperature above the 
average values d u r i n g the vege ta t ive p e r i o d has a b e n e f i c i a l 
e f f e c t on c o t t o n y i e l d s a t A l e x a n d r i a , Tanta and Aswan, 
w h i l s t at Minya a s l i g h t d e t r i m e n t a l e f f e c t on y i e l d was 
suggested. B e n e f i c i a l e f f e c t s on c o t t o n y i e l d s due t o an 
increase i n minimum weekly temperatures were ob ta ined at 
a l l s t a t i o n s du r ing the vege ta t ive p e r i o d . However, the 
reason f o r these y i e l d d i f f e r e n c e s are most l i k e l y the 
r e s u l t o f the use o f d i f f e r e n t v a r i e t i e s o f seed. 
- 3^ -0 -
An increase i n r e l a t i v e h u m i d i t i e s above the average 
values r e s u l t e d i n a b e n e f i c i a l e f f e c t on c o t t o n y i e l d a t 
Aswan. This i s because the average d a i l y r e l a t i v e humid i t y 
a t Aswan was q u i t e low ( F i g . 1 2 . 3 ) . I n con t ras t a reduc-
t i o n i n yield was observed at Minya and A l e x a n d r i a , which 
i s i n genera l to be expected because the d a i l y r e l a t i v e 
h u m i d i t i e s at these two s t a t i o n s are q u i t e h igh d u r i n g 
t h i s p e r i o d i n con t ras t w i t h the optimum values o f about 
20 - 30%. 
An adverse e f f e c t on c o t t o n y i e l d due t o an increase 
i n d a i l y wind speed was p r e d i c t e d a t Minya, w h i l e the 
reverse was the case f o r Tanta . This i s a l so because the 
average wind speed p r e v a i l i n g d u r i n g t h i s p e r i o d i s q u i t e 
h i g h at Minya i n comparison w i t h Tanta ( F i g . 1 2 . 3 ) . This 
suggests t h a t the optimum wind speeds are between 3 .5 and 
5.5 k n o t s . 
Dur ing the growth s tage , A p r i l 19th t o Ju ly 26th 
(weeks 8 - 2 2 ) , h igher maximum temperatures d u r i n g t h i s 
p e r i o d were not b e n e f i c i a l a t any o f the s t a t i o n s . The 
o p t i m a l maximum temperatures f o r the growth stage o f the 
c o t t o n p l a n t are between 25°C and 30°C, according t o the 
work o f Sikka and Dastur (1960) i n I n d i a , McMichael and 
Powell ( 1 9 7 D showed i n t h e i r exper imenta l work i n Texas 
t h a t the o p t i m a l maximum and minimum temperatures f o r the 
growth stage o f the c o t t o n p l a n t are 29°C and 16°C 
r e s p e c t i v e l y . 
Tharp (1960) found t h a t d u r i n g the growth s tage , 
maximum temperatures o f 26°C - 32°C are bes t . I n genera l 
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maximum temperatures above 35 C are not d e s i r a b l e . How-
ever , when the moisture supply i s f a v o u r a b l e , the c o t t o n 
p l a n t i s capable o f endur ing , w i t h o u t permanent i n j u r y , 
very h i g h maximum temperatures (up t o 43°C - 45°C) f o r 
shor t per iods (Sikka and Dastur , 1960) . I f these h i g h 
temperatures p e r s i s t f o r severa l days, however, y i e l d s 
w i l l be adversely a f f e c t e d . Hoffman (1973) showed i n h i s 
exper imenta l work i n C a l i f o r n i a t h a t maximum and minimum 
temperatures d u r i n g the c o t t o n growth p e r i o d are 38°C and 
26°C r e s p e c t i v e l y , w i t h a r e l a t i v e humid i ty o f about 55%. 
The present r e s u l t s show t h a t an increase i n 
maximum d a i l y temperature caused a r e d u c t i o n i n y i e l d s 
a t a l l s t a t i o n s d u r i n g the growth stage ( F i g . 1 2 . 5 ) . This 
suggests t h a t the optimum maximum temperatures are less 
than 27°C. S i m i l a r r e s u l t s have been recorded by Sikka 
and Dastur ( 1 9 6 0 ) , and McMichael and Powell ( 1 9 7 1 ) . The 
r e s u l t s obta ined by Tharp (1960) and Hoffman (1973) were 
much h igher i n con t ras t t o the ones suggested by the present 
au thor . 
An increase i n average d a i l y minimum temperature 
caused a r e d u c t i o n i n y i e l d s a t a l l s t a t i o n s , w i t h the 
except ion o f the f i r s t h a l f o f the growth stage f o r Aswan 
and Alexandr ia ( F i g . 1 2 . 6 ) . This i s probably mainly due 
to the d i f f e r e n t p l a n t v a r i e t i e s used. However, i t suggests 
t h a t the optimum minimum temperatures l i e between 10°C and 
15°C. S i m i l a r r e s u l t s have been suggested by McMichael 
and Powell ( 1 9 7 1 ) . 
A b e n e f i c i a l e f f e c t on c o t t o n y i e l d was p r e d i c t e d 
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w i t h an increase i n mean d a i l y r e l a t i v e h u m i d i t i e s above 
the average va lues , e s p e c i a l l y a t Aswan and Minya d u r i n g 
the second h a l f o f the growth p e r i o d . At A l e x a n d r i a , the 
reverse was ob ta ined . This i s i n general t o be expected 
because the mean r e l a t i v e humid i ty at A lexandr i a d u r i n g 
t h i s p e r i o d i s h igher than the optimum value suggested 
by Hoffman ( 1973) . 
An adverse e f f e c t on co t ton y i e l d was recorded 
by an increase ± 1 wind speed at Minya, w h i l s t a b e n e f i c i a l 
e f f e c t was p r e d i c t e d at Tanta. This i s i n general to be 
expected because the average d a i l y wind speed r e g i s t e r e d 
at Tanta i s q u i t e low i n con t ras t w i t h t h a t p r e v a i l i n g 
a t Minya ( P i g . 1 2 . 3 ) . This suggests t h a t the optimum wind 
speeds d u r i n g the growth stage are between 3 and 5 .5 k n o t s . 
During the ma tu ra t ion p e r i o d , Ju ly 26th t o August 
30th (weeks 2 2 - 2 6 ) , the r e s u l t s o u t l i n e d above suggest 
t h a t c o t t o n y i e l d s are decreased when the maximum temper-
a ture d u r i n g the m a t u r i t y p e r i o d r i s e s above 32°C and when 
minimum temperature r i s e s above 19°C. An increase i n 
weekly maximum temperature had a d e t r i m e n t a l e f f e c t on 
c o t t o n y i e l d s a t a l l s t a t i o n s except A l e x a n d r i a . At 
A l e x a n d r i a , t h i s i s probably because the average d a i l y 
maximum temperature a t t h i s pe r i od i s below the optimum 
va lue . McMichael and Powell (1971) i n TexaB, a lso showed 
t h a t the op t ima l maximum temperature f o r the m a t u r i t y stage 
l i e s between 21°C and 35°C. Hesketh and Low (1968) r epor t ed 
i n t h e i r research i n A u s t r a l i a t ha t the o p t i m a l maximum 
temperatures f o r t h i s stage are between 28°C and 33°C. 
Arnon (1972) found i n h i s research i n I s r a e l t h a t when 
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the average maximum d a i l y temperature approaches 38°C, 
the p e r i o d o f matura t ion i s shortened, the b o l l s are 
s m a l l e r , the f i b r e s do not develop f u l l y , and y i e l d s are 
reduced. 
I n t h i s study i t was seen t h a t h igher minimum 
temperatures had an unfavourable e f f e c t on co t ton y i e l d s 
a t a l l s t a t i o n s and e s p e c i a l l y a t Alexandr ia and Aswan 
which recorded the h ighes t r e d u c t i o n i n y i e l d . During 
the m a t u r i t y stage the average minimum d a i l y temperatures 
i n these areas were apparant ly h igher than the optimum 
values . This suggests t h a t the optimum values du r ing 
t h i s p e r i o d are below 19°C. 
An increase i n average d a i l y r e l a t i v e humid i ty 
increased y i e l d s e s p e c i a l l y at Aswan and Minya, w h i l e the 
reverse was the case at A l e x a n d r i a . This i s i n general t o 
be expected because the average d a i l y r e l a t i v e humid i ty 
recorded d u r i n g t h i s p e r i o d at A lexandr i a was h igher than 
the optimum va lues , which are between 20-50J6 
An increase i n c o t t o n y i e l d was suggested a t Tanta 
and Minya d u r i n g t h i s p e r i o d due to an increase i n average 
d a i l y wind speeds. This i n d i c a t e s t h a t the optimum wind 
speeds are between 2.5 and 5.5 knots ( F i g . 1 2 . 3 ) . 
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13.1 :- Wheat y i e l d i -
Wheat i s the p r i n c i p a l winter crop i n Egypt and 
i s grown i n Egypt on about 1,300,000 feddans of land each 
year. Seeding i s usually done i n November following 
cotton, corn, or dry summer fallow. Harvesting by hand 
sickles occurs i n May. Threshing i s normally done by a 
norage which consists of a series of metal discs mounted 
under a carriage on which a man s i t s . I t i s pulled by a 
buffalo or bullock team over the harvested wheat which i s 
scattered i n a c i r c l e . The norage discs cause the wheat 
kernels t o separate from the heads. Following the action 
of the norage the crushed straw and chaff are winnowed 
with a fo r k , and the chaff i s blown away. The straw i s 
saved f o r animal feed, and the grain i s further cleaned 
by throwing i t i n t o the a i r . 
Wheat y i e l d data for Alexandria, Tanta, Minya 
and Aswan and for the whole of the country during the 
period 1960 - 197^ are given i n Table 13.a. These data 
have been used to explain the relationships between wheat 
yields and climatic conditions. 
The purpose of the present chapter i s t o examine 
the v a r i a t i o n i n the relationships between wheat yields 
and climatological variables around Alexandria, Tanta, 
Minya and Aswan and to discuss some of the problems and 
uses of y i e l d climate relationship analysis. 
13.2 - Wheat growing season i -
The wheat growing season l a s t s approximately 182 
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Table 13.a 
Wheat Yield Data 
(Kg/Feddan)» 
NPlace 
Y e a r ^ Alexandria Tanta Minya Aswan Egypt 
1960 769-5 1087.5 1335.0 825.0 1029.0 
1961 784.5 1140.0 1338.0 808.5 1038.0 
1962 982.5 1135.5 1369.5 882.0 1095.0 
1963 966.0 1257.0 1296.0 915.0 1110.0 
1964 1012.5 1311.0 1342.5 867.O 1158.0 
1965 717.0 1234.5 1347.0 877-5 1110.0 
1966 921.0 1290.0 1368.0 712.5 1135.5 
196? 502.5 1185.0 1414.5 820.5 1036.5 
1968 312.0 1147-5 1363.5 727.5 1074.0 
1969 532.5 1074.0 1300.5 768.0 1018.5 
1970 576.0 1206.0 1521.0 769.5 1161.0 
1971 607.5 1440.0 1498.5 871.5 1282.5 
1972 748.5 1464.0 1413.0 897.0 1303.5 
1973 835.5 1632.0 1573.5 963.0 1473.0 
1974 921.0 1512.0 1548.0 1053.0 1375.5 
Mean 7^5-5 1275.0 1402.5 850.5 1159.5 
Source :- Ministry of Agriculture, A g r i c u l t u r a l Censuses 
for years 1960 to 1974, Cairo, Egypt. 
* Feddan = 4200 m2 = 0.4200 ha. 
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days, from November 10th to May 10th; a period of 26 
weeks. The crop-growing season can broadly be grouped 
in t o the three following periods (Fig. 13.1) i-
1 - Establishment period :-
The phase from November 10th - December ?th usually 
includes the period from sowing to emergence. On the 
basis of the climatic parameters t h i s i s termed the Autumn 
season. The autumn season i s usually characterized by 
average maximum temperatures of 22.0°C and 25.0°C, and 
minimum temperatures of 11.0°C and 10°C i n Lower and Upper 
Egypt respectively. The r e l a t i v e humidities levels are 
72$ and 50$ and the wind speeds of 6.0 and 7.5 knots 
respectively i n Lower and Upper Egypt. 
2 - Growth period :-
This period includes the active, the vegetative 
and reproductive growth stages. The c r i t i c a l parts of 
t h i s period appear to be maximum t i l l e r i n g (weeks 5 - 1*0 • 
e a r - i n i t i a t i o n (weeks 14-19) and flowering (weeks 19-22). 
The growth period usually lasts from December 8th t o 
A p r i l 5th (weeks 5-22) and i s normally termed climatolog-
i c a l l y as the winter and spring seasons. The former season 
i s usually characterized by average maximum da i l y temp-
eratures of 17.5°C and 21.0°C and minimum temperatures 
of 8.5°C and 7.0°C i n Lower and Upper Egypt respectively. 
Relative humidities during t h i s season reach 75$ i n Lower 
Egypt and 56$ i n Upper Egypt. Average wind speeds of 
8.5 and 6.0 knots respectively are also experienced. The 
- 3^8 -
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spring season i s usally characterized by Khamsin weather 
conditions; normally associated with maximum temperatures 
of about 26°C and 30°C and mimimum temperatures of 12°C 
and 13.5°C i n Lower and Upper Egypt respectively. The 
corresponding r e l a t i v e humidity levels f o r these two 
areas are 62% and 30$, whilst wind speeds reach 9 and 6 
knots respectively. 
3 - Maturity period : -
The period A p r i l 6th to May 10th (weeks 22-26) 
usually includes the ripening stage of the wheat. I t i s 
normally associated with Khamsin conditions, which produce 
an increase i n maximum and minimum dai l y temperatures and 
wind speeds, and a decrease i n d a i l y r e l a t i v e humidities. 
13.3 - S t a t i s t i c a l analysis «-
The multiple regression technique used here i s 
similar t o that which has been used i n the preceding 
chapter (cotton chapter). The second-degree multiple 
regression equation between wheat yields and each climatic 
variables i s :-
n n 
Y = Ao + a, ZZ, (t°. x.) + a, 5 1 ( t , x. ) 
1 i = l 1 1 * i = l 1 1 
n p 
+ a - j S ( t x , ) + MT 
j i = l 1 1 
Where y = crop y i e l d (Ardab/fed.), (Ardab = 150 kg), Ao, 
a^, ag, a-j, and M are constants; x = any climatic variable 
w i t h i n any given 7-day period; t . = the number of each 
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7-day period ( i t i s 1 for the period from November 10th-
16th and 26 for the period from May 4th - 10th); T = the 
year number (beginning with 1 i n 1960 and ending with 15 
i n 197^). 
D i s t r i b u t i o n of climatic variables during the wheat 
growing season :-
1 - Average maximum d a i l y temperatures :-
The average maximum da i l y temperatures during the 
wheat growing season varied from 17.3°C to 24.7°C at 
Alexandria; from 17.9°C to 29.0°C at Tanta; from 18.9°C 
to 32.0°C at Minya and from 22.1°C to 36.7°C at Aswan 
(Appendix 2C), The d i s t r i b u t i o n of average maximum d a i l y 
temperatures from each 7-day period during the wheat 
growing season shows a rapid decrease from week 1 t o week 
12 with the exception of a s l i g h t increase i n week 9 at 
a l l stations. This period i s the winter season, which i s 
usually characterized by low maximum temperatures. The 
average maximum da i l y temperatures then increase from 
week 13 to week 26 with s l i g h t decreases being registered 
i n weeks 20 and 24 at a l l stations (Fig. 13.2). Khamsin 
weather conditions are generally experienced during t h i s 
period. 
2 - The average minimum da i l y temperatures :-
The average minimum da i l y temperatures during the 
wheat growing season varied from 8.9°C to 15-6°C at 
Alexandria; from 5-8°C to 12.8°C at Tanta; from 4.5°C to 
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13.2 shows the d i s t r i b u t i o n s of average minimum da i l y 
temperatures for each 7-day period during the wheat growing 
season. I t can be seen that the average minimum d a i l y 
temperature decreases during the period from week 1 to 
week 13 with s l i g h t rises i n weeks 3 and 9 at Aswan. 
From weeks 13 to 26 the minimum temperature increases 
quite r a p i d l y , though with a s l i g h t decrease i n week 20 
at Aswan and Tanta (Fig. 13.2). 
3 - The average d a i l y r e l a t i v e humidities :-
The average d a i l y r e l a t i v e humidities during the 
wheat growing season varied from 62.8$ to 75«2# at 
Alexandria; from 58.4$ to 76.9$ at Tanta; from 38.#to 
64.5$ at Minya and from 19.5# to 44.6$ at Aswan. The 
d i s t r i b u t i o n s of average d a i l y r e l a t i v e humidities are 
similar at Alexandria and Tanta and at both these stations 
there i s l i t t l e change during the whole growing season, 
with the exception of s l i g h t changes from week to week 
(Fig. 13.2). The d i s t r i b u t i o n of average d a i l y r e l a t i v e 
humidity at Minya and Aswan are also similar. From week 
3 to week 13 at Aswan and from week 1 to week 12 at Minya, 
there; are r e l a t i v e l y stable d a i l y r e l a t i v e humidites, 
followed by a rapid decrease between week 12 and week 26 
at both stations. 
k - The average d a i l y wind speeds :-
The average d a i l y wind speeds during the wheat 
growing season varied from 5>5 "to 11.3 knots at Alexandria; 
from 2.2 to 5.9 knots at Tanta; from 3.3 to 7-5 knots 
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at Minya and from 6.4 to 11.4 knots at Aswan (Fig. 13.2). 
I t can be seen that the d i s t r i b u t i o n s of average d a i l y 
wind speed shows l i t t l e v a r i a t i o n at a l l stations. I n 
general the trend indicates that there i s a s l i g h t i n -
crease i n average d a i l y wind speed during the wheat growing 
season especially at Aswan and Minya. 
Effect of climatic variables on wheat yields :-
The weekly maximum and mimimum d a i l y temperatures, 
average d a i l y r e l a t i v e humidities and average d a i l y wind 
speeds throughout the 26 weeks of the wheat growing season 
and the wheat yields f o r 15 years (1960 - 1974) were 
analysed. The effect of these climatic variables on 
wheat y i e l d during d i f f e r e n t stages of the wheat growing 
season i s discussed. 
1 - Effect of maximum d a i l y temperatures 1 -
The multiple regression equations obtained f o r 
maximum da i l y temperatures at Alexandria, Tanta, Minya 
and Aswan are shown i n Appendix 2D. 
During the establishment stage (weeks 1 - 5)1 
the average maximum d a i l y temperatures decreased from 
24.3°C to 21.3°C at Alexandria; from 25.4°C to 2L3°C at 
Tanta; from 26.7°C to 23.0°C at Minya and from 30.8°C to 
25«6°C at Aswan. An increase of 1°C above the average 
maximum dail y temperature during the 3rd week (the middle 
of the establishment stage) resulted i n a predicted bene-
f i c i a l effect on y i e l d of 1.42 kg/fed. at Alexandria and 
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2.63 kg/fed. at Tanta. I n contrast a decline i n wheat 
yields of 1.51 kg/fed. at Minya and 5-19 kg/fed. at Aswan 
was predicted. 
During the growth stage (weeks 5-22) the average 
maximum daily temperatures varied from 17.3°C to 23.9°C 
at Alexandria; from 17.9°C to 25.2°C at Tanta; from 18.9°C 
to 28.1°C at Minya and from 22.1°C to 34.1°C at Aswan. 
An increase i n average maximum d a i l y temperatures during 
the 14th week (the middle of the growth period) by 1°C 
more than the average, had an adverse effect on wheat 
yields of the order of 3.65 kg/fed. at Minya and 3.83 kg/ 
fed. at Aswan. I n contrast, an increase i n y i e l d of 3*92 
kg/fed. at Tanta and 6.01 kg/fed. at Alexandria was 
obtained (Fig. 13.3). 
During the maturity stage (weeks 22-26) the 
average maximum d a i l y temperatures increased from 23»9°C 
to 24.7°C at Alexandria; from 25.2°C to 29.0°C at Tanta; 
from 28.1°C t o 32.0°C at Minya and from 34.1°C t o 36.7°C 
at Aswan. I f the maximum da i l y temperature was 1°C more 
than the average value during the 24th week (the middle 
of the maturity stage), b e n e f i c i a l effects on yields were 
predicted for Alexandria (10.96 kg/fed.); Tanta (4.95 kg/fed.) 
and Minya (1.05 kg/fed.). At Aswan an adverse effect 
on y i e l d of 0.45 kg/fed. was suggested (Fig. 13.3). 
2 - Effect of minimum da i l y temperatures :-
The multiple regression equations obtained f o r 
minimum dai l y temperatures at Alexandria, Tanta, Minya 
- 355 -
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and Aswan are shown i n Appendix ZD. 
During the establishment stage (weeks 1-5) the 
average minimum d a i l y temperatures decreased from 14.2°C 
to 10.7°C at Alexandria; from 12.2°C to 9.9°C at Tanta; 
from 13.4°C t o 8.6°C at Minya and from 13.6°C to 10.3°C 
at Aswan. During the 3rd week (the middle of the estab-
lishment stage), i f the minimum da i l y temperature was 1°C 
above the average "value, adverse effects on yields were 
predicted at a l l stations; these were of the order of 
1.03 kg/fed. at Tanta and Minya; 2.23 kg/fed. at Alexandria 
and 2.94 kg/fed. at Aswan (Fig. 13.4). 
During the growth stage (weeks 5-22) the average 
minimum d a i l y temperatures varied from 8.9°C to 13.6°C 
at Alexandria; from 5.8°C to 10.1°C at Tanta; from 4.5°C 
to 10.9°C at Minya and from 6.2°C to 15.7°C at ABwan. 
I f there was an increase i n minimum da i l y temperature 
during the 14th week (the middle of the growth stage) by 
1°C more than the average value, b e n e f i c i a l effects on 
yields of 1.82 kg/fed. at Tanta and 1.12 kg/fed. at Minya 
were suggested. I n contrast, adverse effects on yields 
of 1.02 kg/fed. and 2.69 were predicted at Alexandria 
and Aswan respectively (Fig. 13.4). 
During the maturity stage (weeks 22-26), the 
average minimum da i l y temperatures increased from 13-2°C 
to 15.6°C at Alexandria; from 10.1°C to 12.8°C at Tanta; 
from 10.9°C t o 15.1°C at Minya and from 15.7°C to 18.9°C 
at Aswan. The resul t s i n Figure 13.4 showed that increases 
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during the 24th week (the middle of the maturity stage) 
were 4.46 kg/fed. at Tanta; 2.95 kg/fed. at Minya and 1.90 
kg/fed at Alexandria. I n contrast a s l i g h t decline i n 
y i e l d of 0.45 kg/fed. was predicted at Aswan. 
3 - Effect of d a i l y r e l a t i v e humidities :-
The multiple regression equations obtained f o r 
d a i l y r e l a t i v e humidities f o r Alexandria, Tanta, Minya 
and Aswan are shown i n Appendix 2D. Figure 13-5 shows 
i 
c l e a r l y the net change i n wheat y i e l d due to a 1% increase 
i n r e l a t i v e humidity at Alexandria, Tanta, Minya and Aswan. 
During the establishment stage (weeks 1-5) the 
average d a i l y relative humidities varied from 66.0$ to 68.5% 
at Alexandria; from 72.3 to 76.9% at Tanta; from 55.4% 
to 62.9% at Minya and from 31.6% t o 41.0% at Aswan. During 
the 3rd week (the middle of the establishment stage), i f 
the d a i l y r e l a t i v e humidity was 1% more than the average 
value, b e n e f i c i a l effects on yields were obtained at some 
stations. Increases were 2.53 kg/fed. at Aswan, and 1.01 
kg/fed. at Minya. I n contrast, decreases i n yields of 
0.63 kg/fed. at Tanta and 0.64 kg/fed. at Alexandria were 
predicted (Fig. 13-5)• 
During the growth stage (weeks 5-22), the average 
d a i l y r e l a t i v e humidities varied from 65«0 to 75-2 at 
Alexandria; from 64.7 to 75.0% at Tanta; from 44.9% to 
64.5% at Minya and from 21.5% to 44.6% at Aswan. I f there 
was an increase i n d a i l y r e l a t i v e humidity during the 14th 
week (the middle of the growth period) by 1% above the 
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average value, reductions i n wheat yields were suggested 
f o r three of the stations. These were 0.51 kg/fed. at 
Minya; 1.52 kg/fed. at Tanta and 1.95 kg/fed. at Alexandria, 
At Aswan a r i s e i n y i e l d of 2.42 kg/fed. was predicted 
(Fig. 13.5). 
During the maturity stage (weeks 22-26) the 
average dai l y r e l a t i v e humidities varied from 62.8% to 
67.3% at Alexandria; from 58.4% to 66.5% at Tanta; from 
38.0% to 44.9% at Minya and from 19-5% to 22.3% at Aswan. 
With an increase i n average dai l y r e l a t i v e humidity during 
the 24th week (the middle of the maturity period) by 1% 
more than the average value; decreases i n yields were 
obtained at three stations. These were I.78 kg/fed. at 
Minya, 2.26 kg/fed. at Tanta and 3.07 kg/fed. at Alexandria. 
I n contrast, an increase i n y i e l d of 0.86 kg/fed. was 
predicted at Aswan (Fig. 13«5). 
4 - Effect of d a i l y wind speed :-
The multiple regression equations obtained f o r 
d a i l y wind speed for Alexandria, Tanta, Minya and Aswan 
are shown i n Appendix 2D. 
During the establishment stage (weeks 1-5) the 
average d a i l y wind speed varied from 5«5 to 9.4 knots 
at Alexandria; from 2.4 to 5.2 knots at Tanta; from 3.3 
to 4.8 knots at Minya and from 6.4 to 7.8 knots at Aswan. 
An increase i n average d a i l y wind speed of 1 knot during 
the 3rd week (the middle of the establishment stage) had 
a predicted b e n e f i c i a l effect on yields of 1.61 kg/fed. 
at Aswan; 1.28 kg/fed. at Alexandria; 0.82 kg/fed. at 
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Minya and 0.33 kg/fed. a t Tanta ( F i g . 13.6). 
During the growth stage (weeks 5-22), the average 
d a i l y wind speeds v a r i e d from 7.8 to 11.3 knots a t Alex-
andria? from 2.2 to 5*9 knots a t Tanta? from 3«5 to 6.6 
knots a t Minya and from 6.6 to 9«7 knots a t Aswan. An 
in c r e a s e i n d a i l y wind speed during the 14th week (the 
middle of the growth period) suggested a s l i g h t b e n e f i c i a l 
e f f e c t on y i e l d of 0.26 kg/fed. at Aswan; 0.13 kg/fed. a t 
Alexandria and a l a r g e r p r e d i c t e d e f f e c t of 1.08 kg/fed 
at Tanta and 1.91 kg/fed. a t Minya ( F i g . 13.6). 
During the maturity period (weeks 22-26), the aver-
age d a i l y wind speeds v a r i e d from 8.8 to 10.9 knots a t 
Alexandria; from 4.1 to 5-1 knots a t Tanta; from 6.5 to 
7.5 knots a t Minya and from 8.3 to 11.k knots a t Aswan. 
I f the d a i l y wind speed during the 24th week (the middle 
of the maturity stage) was 1 knot more than the average, 
r e d u c t i o n s i n y i e l d s of 0.92 kg/fed. a t Aswan and 2.35 
kg/fed. a t Ale x a n d r i a were p r e d i c t e d . At Tanta and Minya 
b e n e f i c i a l e f f e c t s of 1.7^ kg/fed. and 2.83 kg/fed. 
r e s p e c t i v e l y were obtained ( F i g . 13.6). 
13.4 - A c t u a l and p r e d i c t e d wheat y i e l d s :-
Using the r e g r e s s i o n equations given i n the pre-
ceding pages, wheat y i e l d s were p r e d i c t e d f o r Alexandria, 
Tanta, Minya and Aswan f o r the 15 year period from 1960 
to 1974. 'These p r e d i c t e d data were p l o t t e d together with 
the a c t u a l y i e l d s and t h e i r trend i s shown i n Figure 13.7-
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p r e d i c t e d wheat y i e l d s are high and h i g h l y s i g n i f i c a n t 
(Table 13.b). These c o r r e l a t i o n c o e f f i c i e n t s are found 
to be s i g n i f i c a n t a t the 1$ l e v e l , with the exception 
of the c o r r e l a t i o n c o e f f i c i e n t s between a c t u a l and p r e d i c t 
ed wheat y i e l d s from the r e l a t i v e humidity equations a t 
Minya. T h i s c o r r e l a t i o n c o e f f i c i e n t i«s 0.5870 and found 
to be s i g n i f i c a n t a t 5$ l e v e l (Table 13.b). 
At each i n d i v i d u a l s t a t i o n the a c t u a l and pre-
d i c t e d wheat y i e l d s are very s i m i l a r ( F i g . 13«7). However 
there are s l i g h t v a r i a t i o n s r e s u l t i n g from the d i f f e r e n t 
e f f e c t s of c l i m a t i c v a r i a b l e s on what y i e l d s . I n 1967 
and 1968 at A l e x a n d r i a , the a c t u a l y i e l d was very low i n 
c o n t r a s t with other y e a r s . The reason f o r t h i s was mainly 
the r e s u l t s of the 196? War (see cotton c h a p t e r ) , while 
i n 1968 the wheat crop a t Alexandria was a ttacked by r u s t 
d i s e a s e s , which are the most d e s t r u c t i v e and widespread 
d i s e a s e s a f f e c t i n g wheat (Mann, 19^6; and Arnon, 1972). 
At Tanta, Minya and Aswan there are s l i g h t v a r i a t i o n s i n 
the a c t u a l y i e l d s from year to year. I n g e n e r a l , the 
a c t u a l and the p r e d i c t e d wheat y i e l d s at a l l s t a t i o n s 
are s i m i l a r i n t h e i r annual f l u c t u a t i o n s ( F i g . 13.7)-
However, o v e r a l l i t can be seen that the most important 
c l i m a t i c v a r i a b l e appears to be minimum temperature. At 
Tanta and Minya maximum temperatures have the g r e a t e s t 
e f f e c t on y i e l d s , while a t Aswan r e l a t i v e humidity and 
minimum temperature are the most h i g h l y s i g n i f i c a n t 
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13.5 - D i s c u s s i o n i -
The wheat growing season i s divided in t o three 
d i f f e r e n t periods (establishment, growth and maturity 
s t a g e s ) , according to the i n t e n s i t y and d i s t r i b u t i o n of 
the c l i m a t i c v a r i a b l e s . 
During the establishment stage, November 10th -
December 8th (weeks 1-5)i the seeds of wheat begin to 
germinate under s u i t a b l e temperature c o n d i t i o n s . Arnon 
(1972) showed i n h i s r e s e a r c h i n I s r a e l t h a t the optimum 
maximum temperatures f o r wheat during the establishment 
stage are between 20°C and 22°C. He a l s o showed t h a t 
the lower the temperature i s , the slower w i l l be the r a t e 
of germination, ceasing almost completely when minimum 
temperatures f a l l below 4°C. With maximum temperatures 
above 22°C germination becomes i r r e g u l a r and the germinat-
ing seeds are r e a d i l y attacked by di s e a s e (Arnon, 1972). 
B a i e r (1973) reported i n h i s r e s e a r c h i n Canada t h a t the 
optimum maximum d a i l y temperatures during the e s t a b l i s h -
ment period are between 18.1°C and 20.0°C, with minimum 
temperatures between 6.3PC and 10.6°C. He a l s o showed 
t h a t the highest maximum temperature was 33«9°C and the 
highest minimum temperature was not above 21.4°C. B a i e r 
and Robertson (1968) showed that there are h i g h l y s i g n i f i c -
ant m u l t i p l e c o r r e l a t i o n s between wheat y i e l d s and mean 
d a i l y maximum and minimum temperatures. These c o r r e l a t i o n s 
were 0.68 and 0.74 r e s p e c t i v e l y f o r maximum and minimum 
temperatures during the establishment stage. 
I n the present work the r e s u l t s i n d i c a t e t h a t 
an i n c r e a s e i n d a i l y maximum temperatures above the 
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average during the establishment stage (weeks 1-5) 
r e s u l t e d i n higher y i e l d s a t Alexandria and Tanta and 
lower y i e l d s a t Minya and Aswan ( F i g . 13.3)« T h i s suggests 
t h a t the optimum maximum temperatures during t h i s stage 
are between 22°C and 25°C. These temperatures are s i m i l a r 
t o the ones o u t l i n e d above, which have been recorded by 
Arnon (1972) and B a i e r (1973). 
A r e d u c t i o n i n wheat y i e l d a t a l l s t a t i o n s was 
p r e d i c t e d i f minimum temperatures were i n c r e a s e d . T h i s 
i n d i c a t e s that the optimum minimum temperatures during 
t h i s period are l e s s than 12°C. The nature of the data 
do not permit any more p r e c i s e i n d i c a t i o n of what the . 
optimum temperatures a r e . However, s i m i l a r r e s u l t s f o r 
minimum temperatures have been recorded by B a i e r (1973)' 
The present r e s u l t s show t h a t an i n c r e a s e i n 
weekly average r e l a t i v e humidity had a b e n e f i c i a l e f f e c t 
on y i e l d a t Minya and Aswan and an adverse e f f e c t on y i e l d 
a t Tanta and A l e x a n d r i a . T h i s suggests t h a t the optimum 
r e l a t i v e h u m i d i t i e s during t h i s period are about 65$. 
An i n c r e a s e i n d a i l y wind speed during the estab-
lishment period had a favourable e f f e c t on y i e l d a t 
Alexandria, Tanta, Minya and Aswan. T h i s suggests t h a t 
the optimum wind speed during t h i s period i s i n excess of 
8 knots. There does not appear to be any information i n 
the l i t e r a t u r e a n a l y s i n g the r e l a t i o n s h i p between wheat 
y i e l d s and wind speeds. 
The period from December 8th to A p r i l 6th i n c l u d e s 
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the growth stage (weeks 5-22). B a i e r (1973) showed t h a t 
the optimum d a i l y maximum temperature was 23.2°C and the 
mean minimum d a i l y temperature was 10.6°C f o r t h i s p eriod. 
B a i e r and Robertson (1968) found i n t h e i r r e s e a r c h t h a t 
there are h i g h l y s i g n i f i c a n t m u l t i p l e c o r r e l a t i o n s between 
wheat y i e l d s and mean maximum and mean minimum d a i l y 
temperatures during the growth stage of 0.69 and O.76 
r e s p e c t i v e l y . Arnon (1972) showed i n h i s r e s e a r c h i n 
I s r a e l t h a t the optimum mean temperature i s 25°C and the 
optimum maximum temperature i s approximately 30°C - 32°C 
during the growth period. Hoffman (1973) reported i n 
h i s experimental r e s e a r c h i n C a l i f o r n i a t h a t the optimum 
maximum temperatures during the wheat growth period are 
about 26°C, with minimum temperatures of 10°C, while the 
mean d a i l y r e l a t i v e h u m i d i t i e s are 65$. 
The present r e s u l t s show t h a t an i n c r e a s e i n 
average maximum d a i l y temperatures r e s u l e d i n adverse 
e f f e c t s on y i e l d s a t Minya and Aswan and b e n e f i c i a l e f f e c t s 
a t A l e x a n d r i a and Tanta. T h i s suggests that the optimum 
maximum temperatures during t h i s period are between 20°C 
and 22°C i n the f i r s t h a l f (weeks 5-13) and between 20°C 
and 25°C i n the second h a l f of the growing season (weeks 
13-22). These r e s u l t s found by the present author are 
s i m i l a r to the r e s u l t s o u t l i n e d above obtained by B a i e r 
(1973) and Hoffman (1973)1 but w e l l below the optimum 
v a l u e s suggested by Arnon (1972). 
An i n c r e a s e i n minimum d a i l y temperatures during 
the growth stage (weeks 5-22) r e s u l t e d i n adverse e f f e c t s 
on y i e l d s a t Alexandria and Aswan, while the r e v e r s e was 
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the case at Tanta and Minya ( F i g . 13.^). T h i s i n d i c a t e s 
t h a t the optimum minimum d a i l y temperatures during t h i s 
period l i e between6.j°C and 11°C. S i m i l a r r e s u l t s have 
been suggested by B a i e r (1973) and Hoffman (1973). 
An adverse e f f e c t on y i e l d due to an i n c r e a s e i n 
d a i l y r e l a t i v e h u m i d i t i e s was p r e d i c t e d a t A l e x a n d r i a , 
Tanta and Minya, while a t Aswan a b e n e f i c i a l e f f e c t on 
y i e l d was obtained. T h i s suggests that the average d a i l y 
r e l a t i v e h u m i d i t i e s p r e v a i l i n g during t h i s period were 
higher a t A l e x a n d r i a , Tanta and Minya than the optimum 
v a l u e s . Optimum v a l u e s are b e l i e v e d to l i e between 25$ 
and ^5%. These r e s u l t s are w e l l below the optimum v a l u e s 
found by Hoffman (1973)• 
An i n c r e a s e i n y i e l d s due to a r i s e i n average 
d a i l y wind speeds was p r e d i c t e d at Tanta, Minya, Alexandria 
and Aswan. T h i s was e s p e c i a l l y w e l l marked i n the f i r s t 
h a l f of the growth stage f o r Alexandria and Aswan ( F i g . 
13.6). T h i s i n d i c a t e s t h a t the optimum d a i l y wind speeds 
during t h i s stage are between 2.5 - 10.5 knots i n the 
f i r s t h a l f of t h i s stage (weeks 5-13)» and between 6.0 
and 9.0 knots i n the second h a l f of the growth stage 
(weeks 13-22). 
The period from A p r i l 6th to May 10th (weeks 22-
26) i n c l u d e s the maturity stage of the wheat crop. F i e l d 
observations i n I n d i a have shown mean maximum/minimum 
temperatures of about 25°C/l2°C and r e l a t i v e h u m i d i t i e s 
w e l l below ^0% to be optimal during the maturity stage 
(Asana and W i l l i a m s , 1965). Baier (1973) showed that 
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the highest maximum temperature f o r the maturity stage 
of the wheat plant should not be above 37«2°C with minimum 
temperatures net below 23.6°C. B a i e r and Robertson (1968) 
reported that there are h i g h l y s i g n i f i c a n t m u l t i p l e 
c o r r e l a t i o n v a l u e s between wheat y i e l d s and mean d a i l y 
maximum and minimum temperatures. These c o r r e l a t i o n s 
were 0.68 and O.76 r e s p e c t i v e l y f o r maximum and minimum 
d a i l y temperatures. 
The present r e s u l t s show t h a t an i n c r e a s e i n 
maximum d a i l y temperature above the average value had a 
b e n e f i c i a l e f f e c t on y i e l d at A l e x a n d r i a , Tanta and Minya. 
The reverse was the case f o r Aswan. T h i s suggests t h a t 
the optimum maximum -cemperatures during the maturity 
stage might w e l l be a s high as 30°C - 33°C. These r e s u l t s 
are much higher than the r e s u l t s obtained by Asana and 
Wi l l i a m s (1965)» and s i m i l a r to the r e s u l t s suggested by 
B a i e r (1973). 
An i n c r e a s e i n y i e l d was obtained by i n c r e a s i n g 
the average minimum d a i l y temperatures a t Alex a n d r i a , 
Tanta and Minya. At Aswan a s l i g h t decrease i n y i e l d 
was p r e d i c t e d . T h i s i n d i c a t e s t h a t the optimum minimum 
temperatures during t h i s stage are probably as high as 
16°C - 17°C. These r e s u l t s are higher than the r e s u l t s 
o u t l i n e d above by Asana and Will i a m s (1965) and w e l l 
below the r e s u l t s suggested by B a i e r (1973). 
An adverse e f f e c t on y i e l d during the maturity 
stage occurred a t Alex a n d r i a , Tanta and Minya, due to an 
i n c r e a s e i n average d a i l y relative h u m i d i t i e s . I n c o n t r a s t 
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a b e n e f i c i a l e f f e c t on y i e l d was p r e d i c t e d a t Aswan. 
T h i s suggests that the optimum r e l a t i v e h u m i d i t i e s during 
t h i s period are between 20% and k0%. S i m i l a r r e s u l t s 
were obtained by Asana and Williams (1965)-
Adverse e f f e c t s on y i e l d s were obtained a t 
Alexandria, and Aswan, when average d a i l y wind speeds were 
i n c r e a s e d . At Tanta and Minya b e n e f i c i a l e f f e c t s on y i e l d s 
were p r e d i c t e d . T h i s suggests that the optimum wind speeds 
during the maturity stage are between 7 and 9 knots ( F i g . 
13.2). 
C H A P T E R 14 
A c t u a l and P r e d i c t e d Maize, R i c e and 
Sugar Cane Y i e l d s i n Egypt 
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The m u l t i p l e r e g r e s s i o n techniques which have 
been used i n the preceding chapters dealing with c l i m a t i c 
v a r i a b l e s and cotton and wheat y i e l d s , are a l s o used i n 
the present chapter to p r e d i c t maize, r i c e and sugar cane 
y i e l d s around Alex a n d r i a , Tanta, Minya and Aswan f o r the 
15 year period from 1960 to 197^. The equation used i n 
t h i s a n a l y s i s i s :-
n n -, 
Y = Ao + a, 2L ( t . x. ) + a,27 ( t x . x. ) 
1 i = l 1 1 * i = l 1 1 
+ a - ^ ( t . x. ) + MT 
3 i = l 1 1 
Where Y = crop y i e l d ( 1 ) , Ao, a^, a,,, a^, and M are 
constants; x^ = any c l i m a t i c v a r i a b l e w i t h i n any given 
7-day periods t ^ = the number of each 7-day period ( i t 
i s 1 f o r the f i r s t week of the growing season and 17, 22 
and 5^ for the l a s t week of maize, r i c e and sugar cane 
growing seasons r e s p e c t i v e l y ) ; T = the year number (be-
ginning with 1 i n 1960 and ending with 15 i n 197*0. 
The m u l t i p l e r e g r e s s i o n equations f o r maximum and 
minimum temperatures, r e l a t i v e h umidities and wind speeds 
have been obtained and used to p r e d i c t maize, r i c e and 
sugar cane y i e l d s . These equations used i n t h i s a n a l y s i s 
are included i n Appendix 2E. 
(1) Maize y i e l d (Ardab/fed.; Ardab = 1^0 kg), 
r i d e y i e l d (Dariba/fed.; Dariba = 9^5 kg) and 
sugar cane y i e l d (Quintar/fed.; Quintar = 50 kg). 
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lU .l-Actual and pr e d i c t e d maize y i e l d s i -
The c o r r e l a t i o n c o e f f i c i e n t s "between the a c t u a l 
and p r e d i c t e d maize y i e l d s around Alex a n d r i a , Tanta, Minya 
and Aswan are c a l c u l a t e d and the r e s u l t s are shown i n 
Table l 4 . a . T h i s t a b l e i n d i c a t e s that the c o r r e l a t i o n 
c o e f f i c i e n t s between the a c t u a l and p r e d i c t e d maize y i e l d s 
are very high and h i g h l y s i g n i f i c a n t i n general. The 
highest c o r r e l a t i o n c o e f f i c i e n t s are 0.909 and O.87I. 
These occurred a t Aswan with regard to the maximum and 
minimum temperatures equations r e s p e c t i v e l y (Table l 4 . a ) . 
The lowest c o r r e l a t i o n c o e f f i c i e n t s between a c t u a l and 
pre d i c t e d maize y i e l d s are recorded at Alexandria (0.413) 
and Minya (0.427). using the r e l a t i v e humidity equation. 
These l a t t e r c o r r e l a t i o n c o e f f i c i e n t s f a i l to reach the 
5$ l e v e l of s i g n i f i c a n c e . 
The p r e d i c t e d data and the a c t u a l maize y i e l d s 
f o r Alexandria, Tanta, Minya and Aswan are i l l u s t r a t e d 
( F i g . 14.1). T h i s f i g u r e shows c l e a r l y t h a t the a c t u a l 
and p r e d i c t e d maize y i e l d s are s i m i l a r i n t h e i r f l u c t u a -
t i o n s at each s t a t i o n . However, there are s l i g h t v a r i a -
t i o n s r e s u l t i n g from the d i f f e r e n t e f f e c t s of c l i m a t i c 
v a r i a b l e s on maize y i e l d s i n Egypt. I t can a l s o be seen 
t h a t the a c t u a l maize y i e l d a t Alexandria i n 1968 was low 
i n c o n t r a s t with other y e a r s ( F i g . 14.1). One of the main 
reasons was th a t the 1968 Alexandria maize crop had been 
attacked by r u s t d i s e a s e s (Arnon, 1972). O v e r a l l i t can 
be seen that the estimated y i e l d s c l o s e l y approximate 
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Fig.lv i ACTUAL AND PREDICTED MAIZE YIELDS, USING THE MULTIPLE REGRESSION 
EQUATIONS FOR SELECTED CLIMATIC VARIABLES 
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2 2 5 0 
2100 
1950 
1 8 0 0 
I 6 S 0 
1 5 0 0 
1 3 5 0 
1 2 0 0 
1050 
9 0 0 
7 5 0 
Ii_ 6 0 0 
4 5 0 
3 0 0 
LD
 
1 5 0 
UJ 0 
>- 1 
UJ 2 2 5 0 N 
< ? I O O 
2 1 9 5 0 
1 6 0 0 
1 6 5 0 
1 5 0 0 
1 3 5 0 
1 2 0 0 
1 0 5 0 
9 0 0 
7 5 0 
6 0 0 
4 5 0 
3 0 0 
150 
0 
0 I 1962 I 1964 I 1966 I 1968 I 1970 I 1972 I 1974 
1961 1963 1965 1967 1969 1971 1973 
MINYA 
2 2 5 0 
2 1 0 0 
1 9 5 0 
I 8 0 0 
1 6 5 0 
1 5 0 0 
1 3 5 0 
1 2 0 0 
1 0 5 0 
9 0 0 
7 5 0 
6 0 0 
4 5 0 




19601 1962 I 1964 I 1966 I 1968 I 1970 I 1972 I 1974 
1961 1963 1965 1967 1969 1971 1973 
ASWAN 
1200 
6 0 0 
1965 1970 1974 
Ol ' 1 1 > -
1960 
• 1— 
1965 1970 1974 
- 377 -
Ik .2-Actual and p r e d i c t e d r i c e y i e l d s :-
The c o r r e l a t i o n c o e f f i c i e n t s between the a c t u a l 
and p r e d i c t e d r i c e y i e l d s are high and h i g h l y s i g n i f i c a n t 
e s p e c i a l l y f o r the values obtained by using the maximum 
temperature and r e l a t i v e humidity equations (Table l 4 . b ) . 
The highest c o r r e l a t i o n c o e f f i c i e n t s between the 
a c t u a l and p r e d i c t e d r i c e y i e l d s are 0.789 f o r maximum 
temperature at Alexandria, and 0.788, O.782 and 0.708 f o r 
r e l a t i v e humidity at Alexandria, Tanta and Minya respect-
i v e l y . These c o r r e l a t i o n c o e f f i c i e n t s are found t o be 
s i g n i f i c a n t at the 1% l e v e l (Table l 4 . b ) . I n c o n t r a s t , 
the lowest c o r r e l a t i o n c o e f f i c i e n t s obtained between the 
a c t u a l and p r e d i c t e d r i c e y i e l d s are O.516 and 0.526 f o r 
wind speed at Alexandria and Minya r e s p e c t i v e l y . These 
l a t t e r c o r r e l a t i o n c o e f f i c i e n t s j u s t reach the 5% l e v e l 
of s i g n i f i c a n c e . 
Figure 1^.2 shows c l e a r l y t h a t the a c t u a l and 
pr e d i c t e d r i c e y i e l d s a t Alexandria are very s i m i l a r i n 
t h e i r f l u c t u a t i o n s . S i m i l a r r e s u l t s are seen i n Tanta, 
while at Minya, there are some v a r i a t i o n s , such as i n 
1969 and 1973 when the pre d i c t e d r i c e y i e l d s were higher 
than the a c t u a l ones. A major reason f o r t h i s was t h a t 
the r i c e crop i n both years suffered from b l a s t , which 
f o r r i c e i s a most damaging disease (Arnon, 1972). 
lU.3-The a c t u a l and p r e d i c t e d sugar cane y i e l d s :-
The simple c o r r e l a t i o n a n a l y s i s (Table l 4 . c ) 
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are maximum and minimum temperatures, and r e l a t i v e humidity. 
The highest c o r r e l a t i o n c o e f f i c i e n t s between the a c t u a l 
and the p r e d i c t e d sugar cane y i e l d s are 0.883 and 0.879 
f o r maximum temperatures at Aswan and Minya r e s p e c t i v e l y 
(Table 14.c). These c o r r e l a t i o n c o e f f i c i e n t s are found 
t o be s i g n i f i c a n t a t the 1% l e v e l . The lowest c o r r e l a t i o n 
c o e f f i c i e n t s between the a c t u a l and pr e d i c t e d sugar cane 
y i e l d s are 0.476, f o r r e l a t i v e humidity at Tanta and 0.501 
and 0.429 f o r wind speed at Alexandria and Minya respect-
i v e l y . These low c o r r e l a t i o n c o e f f i c i e n t s do not reach 
the 5% l e v e l of s i g n i f i c a n c e (Table 14.c). 
The p r e d i c t e d sugar cane y i e l d s are p l o t t e d w i t h 
the a c t u a l y i e l d s ( F i g . Ik.3). This f i g u r e i n d i c a t e s t h a t 
the a c t u a l and pr e d i c t e d sugar cane y i e l d s are high a t 
Minya and Aswan, i n comparison w i t h Alexandria and Tanta. 
This can be explained by the favourable c l i m a t i c c o n d i t i o n s 
at Aswan and Minya, e s p e c i a l l y the high temperatures and 
low r e l a t i v e humidities. I t can also be seen t h a t the 
a c t u a l and pr e d i c t e d sugar cane y i e l d s are very s i m i l a r 
i n t h e i r f l u c t u a t i o n s a t each s t a t i o n . However, at 
Alexandria i n 1967 the a c t u a l y i e l d s were low i n cont r a s t 
w i t h other years. One of the main reasons f o r t h i s was 
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Fig. 14. 3 ACTUAL AND PREDICTED SUGAR CANE YIELDS. USING MULTIPLE REGRESSION EQUATIONS FOR SELECTED 
CLIMATIC VARIABLES 
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This t h e s i s i s di v i d e d i n t o three sections. The 
main s e c t i o n begins w i t h chapter three (Temperatures i n 
Egypt), and deals i n d e t a i l w i t h surface, earth and water 
temperatures. The a n a l y s i s of the 15 year d a i l y maximum 
temperature record f o r Alexandria and Giza (1960 - 19?4) 
revealed t h a t during the spring months, e s p e c i a l l y A p r i l 
and May, the frequency and s e v e r i t y of hot s p e l l s i s 
gr e a t e s t . Furthermore, i t i s seen t h a t the frequency of 
hot s p e l l s increases again i n autumn. I n October the 
number of hot s p e l l occurrences c o n s t i t u t e s a second peak, 
although, t h i s i s much smaller than the spring peak. The 
earth temperatures show t h a t the highest monthly mean 
earth temperatures decrease w i t h depth from 0.3 cm t o 
3 metres. I n c o n t r a s t , the minimum temperature values 
increase w i t h depth. With regard t o water temperatures, 
i t can be seen t h a t i n Lower Egypt the mean a i r temperature 
i s greater than the mean water temperature from March t o 
August, w h i l e the opposite i s the case f o r the r e s t of 
the year. 
The r e s u l t s o u t l i n e d i n the p r e c i p i t a t i o n chapter 
show t h a t i n Egypt the r a i n y season occurs between October 
and May w i t h p r e c i p i t a t i o n being heaviest on the Medi-
terranean Coast between Alexandria and E l - B o r o l l e s , where 
the mean annual r a i n f a l l reaches 180 mm. I t decreases 
southwards t o about 25 mm i n Cairo and 5 mm i n Minya i n 
Middle Egypt. The maximum r a i n f a l l over the coastal 
Mediterranean r e g i o n occurs i n January, but i n Middle and 
Upper Egypt the maximum occurs i n October and May. 
Selected s t a t i s t i c a l methods measuring monthly p r e c i p i t -
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a t i o n v a r i a b i l i t y f o r selected s t a t i o n s i n Egypt revealed 
t h a t the months w i t h the highest mean r a i n f a l l show the 
greatest variances and standard d e v i a t i o n s . This i s 
i l l u s t r a t e d c l e a r l y by the months November t o March a t 
the coastal s t a t i o n s and by December, May and February 
at the in l a n d s t a t i o n s . The lowest mean monthly r a i n f a l l 
data produced the lowestvalues f o r the variance, the median 
and the standard d e v i a t i o n . This i s seen f o r instance 
during May at the co a s t a l s t a t i o n s . Analysis of d a i l y 
r a i n f a l l data f o r selected s t a t i o n s i n Egypt showed t h a t 
the r a i n y periods are of three t o fou r days i n duration, 
i n the coastal r e g i o n and the middle p a r t of the Delta. 
Longer periods, however, are r a r e , e s p e c i a l l y i n the 
southern p a r t s of the country. A study of the c o r r e l a t i o n 
c o e f f i c i e n t s between the r a i n f a l l and three main f a c t o r s 
( l a t i t u d e , longitude and e l e v a t i o n ) showed t h a t the hi g h -
est p o s i t i v e c o r r e l a t i o n c o e f f i c i e n t s occurred between 
the mean monthly r a i n f a l l and the l a t i t u d e (°N) f a c t o r . 
Longitude (°E) has the highest negative c o r r e l a t i o n w i t h 
r a i n f a l l over Egypt. 
The mean d a i l y values of evaporation and evapo-
t r a n s p i r a t i o n using Piche tube evaporometers f o r summer 
months exceed 20 mm/day at the Aswan, Kharga and Dakhla 
s t a t i o n s , w h i l e a t Alexandria on the Mediterranean coast 
and Tanta i n the middle of the Delta area, these values 
average only about 6 mm/day. Evaporation and evapotrans-
p i r a t i o n was also estimated using the Penman equation and 
the Thornthwaite formula f o r selected c l i m a t o l o g i c a l s t a t i o n s 
i n Egypt. These values obtained using the Penman equation 
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and the Thornthwaite formula were very low i n contrast 
w i t h the values measured "by the Piche tube i n f r e e a i r . 
The c o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g measured evaporation 
by Pich tube i n f r e e a i r and Class 'A' Pan r e s u l t s at 
Giza and Aswan are very high and a l l s i g n i f i c a n t a t the 
1% l e v e l . 
The Khamsin has been defined as a very hot, dry 
and dusty south-easterly wind. The main weather f e a t u r e s 
c o n s t i t u t i n g Khamsin weather have been analysed. These 
are excessively high surface temperatures and extremely 
low h u m i d i t i e s , associated w i t h the invasion of south and 
south-east winds which produce r i s i n g dust and duststorms. 
Attempts have been made by the author t o i n v e s t i g a t e the 
t r a c k s of the Khamsin depressions f o r the fo u r year p e r i o d , 
1970 - 1973. The r e s u l t s of t h i s a n a l y s i s showed t h a t 
there are two types of depressions. The f i r s t i s formed 
t o the south of the A t l a s mountains and the second o r i g i n -
ates over the A t l a n t i c . Both e f f e c t the climate of Egypt, 
but i t i s the former depressions which u s u a l l y produce the 
most intense Khamsin c o n d i t i o n s . 
Factor a n a l y s i s techniques have been used t o 
c l a s s i f y the climate of Egypt. The r e s u l t s obtained showed 
t h a t the climate of Egypt can b a s i c a l l y be d i v i d e d i n t o 
two c l i m a t i c zones. The f i r s t comprises the Mediterranean 
c o a s t a l areas, i n c l u d i n g the Delta. The climate of t h i s 
zone i s of the Mediterranean type, which i s characterized 
by m i l d r a i n y w i n t e r s and hot dry summers. The second zone 
covers the r e s t of the country south of Cairo. The climate 
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of t h i s zone i s of the desert type, which i s characterized 
by warm w i n t e r s w i t h very l i t t l e r a i n and hot dry summers. 
More d e t a i l e d a n a l y s i s permits a d i v i s i o n w i t h 5 c l i m a t i c 
sub-zones. The new three regions added are the Delta area; 
the Red Sea and the N i l e Valley r e g i o n and the intermediate 
zone t r e n d i n g n o r t h west t o south east and separating the 
desert area from the coastal r e g i o n . 
The second s e c t i o n deals w i t h a g r i c u l t u r a l a c t i v i t y 
i n Egypt. I n t h i s the d i f f e r e n t crop types are s t u d i e d 
together w i t h the p a t t e r n of a g r i c u l t u r a l expansion. Lorenz 
curves and Lorenz's Index of concentrations showed c l e a r l y 
t h a t sugar cane i s concentrated i n Upper Egypt and r i c e i n 
Lower Egypt, while the other crops are widely d i s t r i b u t e d 
throughout the country. The Delta and the N i l e V a l l e y have 
been c l a s s i f i e d i n t o three main a g r i c u l t u r a l regions. The 
f i r s t r e g i o n i s c a l l e d Lower Egypt. This r e g i o n c o n s i s t s 
of the Delta proper from Cairo northward t o the Mediterranean 
Sea. The second r e g i o n i s Middle Egypt. This r e g i o n i n -
cludes the narrow c u l t i v a t e d s t r i p along the N i l e from 
Cairo t o Asyut. Upper Egypt i s the t h i r d a g r i c u l t u r a l 
r e g i o n . This r e g i o n includes the narrow c u l t i v a t e d s t r i p 
along the N i l e from Asyut southwards t o the Sudanese border. 
The d a i l y water discharge of the River N i l e at 
Aswan, Cairo, Rosetta and Damietta are analysed f o r the 
three year p e r i o d before the High Dam was b u i l t (1960 -
1962), and f o r the three year p e r i o d a f t e r i t s completion 
(1973 - 1975). I t i s seen t h a t the completion of the High 
Dam changed the discharge regime very markedly. Flood 
waters are now r e t a i n e d i n Lake Nasser and released down-
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stream only when r e q u i r e d f o r i r r i g a t i o n purposes. As 
a r e s u l t the Delta w i l l never again be i n clanger of serious 
f l o o d i n g . 
The Blaney and Criddle method and the Penman 
equation have been used t o estimate the i r r i g a t i o n r e q u i r e -
ments f o r the main crops i n Egypt. The r e s u l t s obtained 
showed t h a t the consumptive water use and the i r r i g a t i o n 
requirements c a l c u l a t e d by the Blaney and Criddle method 
are greater f o r a l l crops than those obtained using the 
Penman ( E t ) p o t e n t i a l e v a p o t r a n s p i r a t i o n values. The main 
reason f o r t h i s i s t h a t the Blaney and Criddle method 
depends on an e m p i r i c a l c o e f f i c i e n t (K) which tends t o 
over-estimate crop water requirements. Furthermore, the 
a c t u a l i r r i g a t i o n requirements are much higher f o r sugar 
cane and r i c e crops than the i r r i g a t i o n requirement estim-
ates obtained from the Blaney and Cr i d d l e formula and the 
Penman equation. This i s t o be expected as the estimates 
stem only from c l i m a t o l o g i c a l v a r i a b l e s , while measured 
r e s u l t s also take i n t o account the i n f i l t r a t i o n r a t e s of 
i n d i v i d u a l s o i l type. 
M u l t i p l e regression equations have been used i n 
the t h i r d s e c t i o n t o e x p l a i n the r e l a t i o n s h i p s between 
selected c l i m a t i c v a r i a b l e s and the major crop y i e l d s a t 
selected s t a t i o n s d u r i n g the 15 year p e r i o d 1960 - 197^« 
The techniques used i n t h i s s e c t i o n are s i m i l a r t o those 
used by Runge (1968) and Huda et a l . , (1975 and 1976). 
The c o t t o n growing season (March 1st t o September 
1 s t ) was d i v i d e d i n t o f o u r d i f f e r e n t stages. These were 
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emergence, v e g e t a t i v e , growth and m a t u r i t y stages. The 
r e s u l t s obtained f o r the f i r s t stage showed a b e n e f i c i a l 
e f f e c t on y i e l d w i t h an increase i n maximum d a i l y temper-
ature during the emergence period (week 1) a t a l l s t a t i o n s . 
I t was also noted t h a t the l a r g e s t p r e d i c t e d increase i n 
y i e l d occurred at Alexandria, which had the lowest maximum 
temperatures. This was probably the r e s u l t of the use of 
d i f f e r e n t v a r i e t i e s of seed. The r e s u l t s d e t a i l e d i n the 
main t e x t f o r minimum temperature, r e l a t i v e humidity and 
wind speed suggested t h a t the optimum temperature during 
the c o t t o n emergence stage was i n excess of 11°C, while 
the optimum r e l a t i v e humidity was about JOfo and optimum 
wind speeds were between 3-5 and 4 knots. 
During the second stage of c o t t o n growth (weeks 
2-8), the r e s u l t s i n d i c a t e d t h a t an increase i n maximum 
temperature above the average values had a b e n e f i c i a l 
e f f e c t on co t t o n y i e l d s a t Alexandria, Tanta and Aswan, 
wh i l e a t Minya a s l i g h t d e t r i m e n t a l e f f e c t on y i e l d was 
suggested. B e n e f i c i a l e f f e c t s on c o t t o n y i e l d s due t o 
an increase i n minimum weekly temperatures were obtained 
a t a l l s t a t i o n s d u r i n g the vegetative p e r i o d . The r e s u l t s 
o u t l i n e d f o r r e l a t i v e humidity and wind speed during t h i s 
p e r i o d suggested t h a t the optimum r e l a t i v e humidity values 
were 20$ - 30% w i t h optimum wind speeds of between 3-5 
and 5-5 knots. 
The r e s u l t s obtained during the t h i r d stage (weeks 
8-22), suggested optimum values of less than 27°C f o r 
maximum temperatures, between 10°C and 15°C f o r minimum 
temperatures, less than 55% f o r r e l a t i v e h u m i d i t i e s and 
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between 3 t o 5*5 knots f o r wind speeds. 
The r e s u l t s o u t l i n e d above f o r the m a t u r i t y p e r i o d 
(weeks 22-26), suggested t h a t c o t t o n y i e l d s decreased 
when the maximum temperature rose above 32°C and when 
minimum temperature rose above 19°C. I t was also noted 
t h a t the suggested optimum r e l a t i v e humidity values d u r i n g 
t h i s p e riod were between 20% and $0%, and optimum wind 
speeds of between 2.5 and 5«5 knots. 
The m u l t i p l e r egression techniques were also used 
t o p r e d i c t c o t t o n y i e l d s a t selected s t a t i o n s i n Egypt, 
and c o r r e l a t i o n c o e f f i c i e n t s between a c t u a l and p r e d i c t e d 
y i e l d s were obtained. The r e s u l t s of these c a l c u l a t i o n s 
showed t h a t the p r e d i c t e d c o t t o n y i e l d s using the maximum 
and minimum temperature equations had the highest c o r r e l -
a t i o n c o e f f i c i e n t s w i t h the a c t u a l y i e l d s , i n comparison 
w i t h both the wind speed and r e l a t i v e humidity values. 
The same techniques have also been used t o e x p l a i n 
the r e l a t i o n s h i p s between the three d i f f e r e n t periods 
(establishment, growth and m a t u r i t y stages) of the wheat 
growing season (November 10th t o May 10th ) . The r e s u l t s 
discussed i n the main t e x t showed t h a t the optimum maximum 
temperatures during the establishment stage (weeks 1-5) 
were between 22°C and 25»5°C and optimum minimum temper-
atures were less than 12°C. Optimum r e l a t i v e h u m i d i t i e s 
were about 65$ and optimum wind speeds i n excess of 8 knot 
During the second or growth stage (weeks 5-22), 
the r e s u l t s i n d i c a t e d t h a t the optimum maximum temperature 
were between 20°C and 25°C, minimum temperatures between 
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6.5°C and ll°Cf r e l a t i v e h u m i d i t i e s between 25$ and 45$. 
Optimum wind speeds were between 2.5 and 10.5 knots i n 
the f i r s t h a l f of the growth stage (weeks 5-13) and between 
6.0 and 9.0 knots i n the second h a l f (weeks 13-22), 
During the m a t u r i t y stage (weeks 22-26), the 
r e s u l t s showed t h a t the suggested optimum maximum and 
-minimum temperatures were 30°C - 33°C and 16°C - 17°C 
r e s p e c t i v e l y , w hile optimum r e l a t i v e h u m i d i t i e s were 
between 20$ and kOfo and wind speeds between 7 and 9 knots. 
The c o r r e l a t i o n c o e f f i c i e n t s between the a c t u a l 
and p r e d i c t e d wheat y i e l d s i n d i c a t e d t h a t the highest 
values occurred using maximum and minimum temperatures 
and the r e l a t i v e humidity equations. 
A c t u a l and p r e d i c t e d maize, r i c e and sugar cane 
y i e l d s have also been obtained using the same techniques 
as discussed above. The r e s u l t s showed t h a t the highest 
c o r r e l a t i o n c o e f f i c i e n t s between a c t u a l and p r e d i c t e d 
maize y i e l d s were 0.909 and 0.871. These were found at 
Aswan w i t h regard t o the maximum and minimum temperatures 
r e s p e c t i v e l y . Maximum temperature and r e l a t i v e humidity 
were the highest s i g n i f i c a n t v a r i a b l e s a f f e c t i n g r i c e 
y i e l d s . These two v a r i a b l e s had the highest c o r r e l a t i o n 
c o e f f i c i e n t s between the a c t u a l and the pr e d i c t e d r i c e 
y i e l d s . The c o r r e l a t i o n c o e f f i c i e n t s c a l c u l a t e d between 
the a c t u a l and p r e d i c t e d sugar cane y i e l d s i n d i c a t e d t h a t 
the best estimators of sugar cane y i e l d s were maximum and 
minimum temperatures and r e l a t i v e h u m i d i t i e s . 
O v e r a l l , i t was noted t h a t the maximum and minimum 
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temperatures were the most s i g n i f i c a n t c l i m a t i c v a r i a b l e s 
a f f e c t i n g crop y i e l d s i n Egypt, while r e l a t i v e h u m i d i t i e s 
and wind speeds were less s i g n i f i c a n t . 
F i n a l l y , given the r e s u l t s f o r the c o t t o n , wheat, 
maize, r i c e and sugar cane y i e l d s outlined above, i t i s 
evident t h a t the m u l t i p l e regression equations analysing 
c l i m a t i c data have good p r e d i c t i v e q u a l i t i e s i n terms of 
annual y i e l d s . I n general, these studies have not been 
as f r u i t f u l as might have been hoped. The f i r s t reason 
underlying the r e l a t i v e l y d i s a p p o i n t i n g record of t h i s 
technique i s the requirement of r e l i a b l e meteorological 
and r e l a t e d crop y i e l d data f o r an adequate number of 
years. I n many cases such records are not a v a i l a b l e . 
Though r e l i a b l e meteorological data are a v a i l a b l e over 
q u i t e long periods f o r a number of s t a t i o n s i n Egypt, 
accurate crop y i e l d f i g u r e s do not e x i s t at the d i s t r i c t 
or l o c a l i t y l e v e l . Perhap's even more important i s the 
f a c t t h a t the crop y i e l d v a r i e s from year t o year depend-
i n g not only on c l i m a t i c f a c t o r s but also on the v a r i e t i e s / 
type of p l a n t used, s o i l c onditions and e s p e c i a l l y manage-
ment i n p u t s . Physical and chemical s o i l c o n d i t i o n s may 
also vary from place t o place r e s u l t i n g i n v a r i a t i o n s i n 
crop y i e l d . 
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A P P E N D I X 1 
Containing a D e s c r i p t i o n of the Computer Cards 
Used f o r the Penman E v a p o t r a n s p i r a t i o n Values 
( E d I , Eo2 and E t ) 
i 
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D e s c r i p t i o n of the Cards i n Figure A 
Card 1 (one f o r each month). Lead card. 
(a) Columns 6 l and 62 always 93-
(b) Column 74 i s having the catchment 
number. 
( c ) Columns 77-80 bear the month and year 
number. 
Card 2 (one f o r each month). Control card. 
(a) Catchment area i n he c t a r e s to one 
decimal place i n columns 1-10. 
(b) L a t i t u d e i n degrees (+ = N, - = S) to 
one decimal place i n columns 11-16. 
( c ) A l t i t u d e i n metres, columns 17-21. 
(d) Albedo normally 25 over g r a s s land, 
columns 41-45. 
(e) Temperature index, 2 = degrees C, 
columns 46-4? 
( f ) Wind index, 3 = knots columns 48-50. 
(g) Height of anemometer i n meters, columns 
51-5^-
(h) Sun index, 1 = hours, columns 55-56. 
( i ) T o t a l r a d i a t i o n index, 0 = no data, 
columns 57-58. 
( j ) Net r a d i a t i o n index, 0 = no data, 
columns 59-60. 
(k) Data type, always 3, column 62. 
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A P P E N D I X 2 
2A = Average weekly data f o r s e l e c t e d c l i m a t i c v a r i a b l e s 
during the cotton gorwing season. 
2B = Constant values i n the m u l t i p l e r e g r e s s i o n 
equations fo r s e l e c t e d c l i m a t i c v a r i a b l e s f o r 
cotton y i e l d . 
2C = Average weekly data f o r s e l e c t e d c l i m a t i c v a r i a b l e s 
during the wheat growing season. 
2D = Constant values i n the multiple r e g r e s s i o n 
equations f o r s e l e c t e d c l i m a t i c v a r i a b l e s 
f o r wheat y i e l d . 
2E = Constant values i n the m u l t i p l e r e g r e s s i o n 
equations fo r s e l e c t e d c l i m a t i c v a r i a b l e s f o r 
maize, r i c e and sugar cane y i e l d s . 
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Appendix d\ 
D i s t r i b u t i o n of the Average Weekly Maximum, Minimum 
Temperatures. R e l a t i v e H u m i d i t y and Windspeed a t — 
A l e x a n d r i a , Tanta, Minya and Aswan ' 





f 8 c T 

















1 Mar 1-7 20.4 10.2 68.1 11.7 23.2 8.5 63.6 3.8 
2 Mar 8-14 20.4 10.7 69.3 9.8 23.3 8.9 67-7 4.6 
3 Mar 15-21 21.5 11.8 65.7 9.7 23.1 9.5 66.3 4.2 
4 Mar 22-28 20.7 12.4 68.5 9.1 22.1 8.7 69.8 5.5 
5 Mar 29-Apr 4 22.7 12.5 66O 9.9 24 .6 10.0 67-9 4.9 
6 Apr 5-H 23-9 12.9 65.7 8.9 25.2 10.1 65-7 5.1 
7 Apr 12-18 24.6 14.3 62.8 9.9 28 .1 12.0 62.3 4.9 
8 Apr 19-25 23.4 13.8 63.8 10.9 26.3 11.5 63.9 4.0 
9 Apr 26-May 2 24 .4 14 .9 64 .8 8.8 28 .3 12.4 60 .8 4.4 
10 May 3-9 24 .9 15.3 66.8 9.4 29 .0 12.8 58.1 4.3 
11 May 10-16 25.9 16 .2 66.7 10.2 30.4 14 .0 57-9 4.8 
12 . May 17-23 27-1 17.0 65.5 8.8 30.9 14 .6 56.7 4.7 
13 May 24-30 27.2 17 .8 66.7 l t f . l 32.7 15.8 53-6 5.4 
14 May 31-Jun 6 28 .1 17 .9 65.6 9.4 33.7 16 .4 52.7 5.1 
15 Jun 7-13 27 .9 19.2 65.8 10.4 34.4 17.7 55-6 5.2 
16 Jun 14-20 28 .6 19.9 63.7 8.6 34.5 18 .6 53-8 4.5 
17 Jun 21-27 28.6 21.0 66.1 8.8 33-5 18 .9 57.1 4.5 
18 Jun 28-Jul 4 28.8 21.3 69.9 9.2 33-4 19.0 60 .6 3.7 
19 J u l 5-H 29.2 22.1 70.3 9.6 32.2 18 .6 62.2 3.2 
20 J u l 12-18 29.5 22.5 72 .1 10.1 32.8 19.5 66.6 3-6 
21 J u l 19-25 30.7 22.8 71.8 10.3 33-6 20.3 67.7 3.2 
22 J u l 26-Aug 1 30.1 22.8 70 .4 9.4 33-2 19.7 69.6 2.9 
23 ^ug 2-8 30.1 22.8 70 .3 11.9 33.2 19.9 70.1 2.8 
24 Aug 9-15 30.7 22.7 70 .2 9.2 33.0 19.9 69.8 2.8 
25 Aug 16-22 31.1 22.7 68.8 10.1 33.4 19.7 72.9 2.6 
26 Aug 23-29 30.4 22.9 69.9 9-9 32.8 19.4 73-2 2.7 
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Appendix 2A Continued 
Week 
No Dates 







Wind speed (knot) 
Max. 





1 Mar 1-7 25.4 7.8 49.9 5.0 29.1 10.9 29.5 8.8 2 Mar 8-14 25-3 8.3 49.0 5-4 30.4 12.0 25.6 8.4 
3 Mar 15-21 25-9 9-5 46.9 6.2 29.1 12.9 25.9 9.1 4 Mar 22-28 24.8 8.9 49-3 6.2 29.0 11.8 24.5 9.2 
5 Mar 29-Apr 4 27.7 9-5 47.7 6.2 32.1 14.0 22.5 8.7 6 Apr 5-H 28.1 10.9 44.9 6.6 33-9 15.7 21.1 10.2 
7 Apr 12-18 30.9 12.9 38.0 7.2 35-2 16.8 21.9 8.6 
B Apr 19-25 30.0 13.9 39.6 7.5 35-3 17.8 21.6 8.5 
9 Apr 26-May 2 30.9 14.0 39.0 6.6 36.9 18.0 20.2 9-5 10 May 3-9 31-9 15.1 38.2 6.5 36.0 18.9 20.6 7.8 
11 " May 10-16 33.1 15.9 35.9 6.7 37.7 20.6 26.7 8.9 
12 May 17-23 33-7 15.8 34.3 6.1 38.4 19.9 21.9 8.7 
13 May 24-30 35.9 17.4 32.4 7.0 40.1 22.2 17.8 8.5 14 May 31-Jun 6 36.4 18.3 32.3 7.2 40.4 22.2 17.8 8.7 
15 Jun 7-13 37.0 19.1 34.1 7.4 42.2 24.1 18.1 8.6 
16 Jun 14-20 37.5 20.0 32.5 7.7 42.4 23.6 17.1 8.6 
17 Jun 21-27 36.4 20.4 38.1 6.1 41.1 23.5 18.6 7-5 18 Jun 28-Jul 4 36\4 19.6 38.5 6.1 41.3 23.5 18.4 6.9 
19 Jul 5-H 35.7 19.9 39.1 5.9 40.6 23.3 21.4 6.3 20 Jul 12-18 36.1 20.3 40.1 6.0 40.? 23.5 24.4 7-9 21 Jul 19-25 36.4 20.7 43.3 4.8 40.8 23.5 23.7 6.5 22 Jul 26-Aug 1 35.9 20.3 44.3 3-2 41.9 23.8 22.7 8.1 
23 Aug 2-8 36.2 20.0 44.1 4.4 40.6 23.7 24.9 5-6 
24 Aug 9-15 36.0 20.8 44.0 5.1 40.6 23.3 24.7 6.9 
25 Aug 16-22 35.8 20.3 46.1 3.5 40.5 23.3 25.9 6.8 
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D i s t r i b u t i o n o f Average Weekly Maximum and Minimum 
D a i l y Temperature, Average D a i l y R e l a t i v e H u m i d i t y and 
Average D a i l y Wind Speed a t A l e x a n d r i a , T a nta. Minva 
f o r t h e p e r i o d U9bU-197%7 
Wheat Y i e l d 


















1 Nov 10-16 24.3 14.2 66.4 5.6 25.4 12.2 ?4.4 2.4 
2 Nov 17-23 24.5 13.9 66.0 5.5 25.1 12.2 76.9 5.2 
3 Nov 24-30 23-2 13.2 67.2 6.8 23.8 11.5 76.4 4.6 
4 Dec 1-7 22.5 11.7 67.7 7.5 23.1 9-9 72.3 3-7 
5 Dec 8-14 21.3 10.7 68.5 9.4 21.3 10.0 73-6 3-7 
6 Dec 15-21 20.3 9.9 65.0 10.7 21.0 9.5 72.0 5-3 
7 Dec 22-28 19.3 10.0 70.0 8.6 19.6 7.6 74.0 5-0 
8 Dec 29-Jan 4 19.2 9.7 71.1 11.3 19.8 7.4 75.0 5.7 
9 Jan 5-11 19.8 9.6 75.2 7.8 20.6 7.1 71.2 2.5 
10 Jan 12-18 18.4 9.5 75.1 11.1 19.0 7.2 71.8 2.7 
11 Jan 19-25 17.3 8.9 71.4 9.0 18.1 7.2 68.6 3.6 
12 Jan 26-Feb 1 17.3 9.2 68.8 10.8 17.9 6.3 70.7 2.8 
13 Feb 2-8 18.0 9.5 69.5 10.2 18.9 5-8 70.0 3-3 
14 Feb 9-15 18.5 10.3 73.0 8.5 20.5 6.5 71.4 2.2 
15 Feb 16-22 19.6 ' 9.9 68.0 9.7 21.6 7.5 71.2 2.9 
16 Feb 23-Mar 1 19.4 10.4 68.9 9.1 21.2 7.4 71.3 3-3 
17 Mar 2-8 20.4 10.8 68.1 11.2 23.2 8.5 64.7 3-9 
18 Mar 9-15 20.4 11.7 69.3 9.7 23.3 9.0 68.3 4.9 
19 Mar 16-22 21.5 11.9 65.7 9.7 23.1 9.5 65.7 4.4 
20 Mar 23-29 20.7 12.1 68.5 9.1 22.1 8.7 69.6 5.9 
21 Mar 30-Apr 5 22.6 13.6 68.3 9.9 24.6 10.0 67.7 5.1 
22 Apr 6-12 23.9 13.2 65.7 9.0 25.2 10.1 66.5 5.1 
23 Apr 13-19 24.6 14.3 62.8 9-9 28.1 12.0 63.O 4.9 
24 Apr 20-26 23-3 14.6 63.8 10.9 26.3 11.5 64.? 4.1 
25 Apr 27-May 3 24.5 15.3 65.1 8.8 28.3 12.4 61.0 4.5 
26 May 4-10 24.7 15.6 67.3 9.4 29.0 12.8 58.4 4.3 
- kjo -
Appendix 2C Continued 
Week No. Dates 
Minya Asm si 












1 Nov 10-16 26.7 13.4 55.4 4.6 30.8 13.6 31.6 6.4 
2 Nov 17-23 26.3 12.4 60.9 4.8 29.4 12.9 36.7 7.4 
3 Nov 24-30 25.6 12.0 61.7 4.6 28.5 1 3 . 5 . 40 .6 7.8 
4 Dec 1-7 24.8 9.0 62.9 3-3 26.1 10.7 38.6 7.6 
5 Dec 8-14 23.0 8.6 61.4 3.8 25.6 10.3 ' 41.0 7.5 
6 Dec 15-21 22.3 8.3 60.3 3.5 24.9 9.2 43.2 7.5 
7 Dec 22-28 20.4 6.4 64.5 4.8 24.1 7.6 44.6 8.4 
8 Dec 29-Jan k 20.3 6.5 63.8 3-7 , 23.1 7.0 43.7 7.1 
9 Jan 5-H 21.0 6.1 63-3 4.1 24.4 8.1 38.9 6.6 
10 Jan 12-18 20.6 5.3 61.7 3-5 23.1 7-5 39.6 6.6 
11 Jan 19-25 19.8 5.2 56.5 4.3 22.9 6.9 41.2 8.0 
12 Jan 26-Feb 1 18.9 5.0 59.8 4.0 22.1 6.5 41.0 8.2 
13 Peb 2-8 20.2 4.5 55-2 5-1 23.0 6.2 40.4 8.5 
14 Feb 9-15 22.5 5.4 53.9 4.1 25.0 8.3 38.1 8.5 
15 Peb 16-22 23.4 5.5 52.2 5.6 26.9 9.2 35.8 9.5 
16 Peb 23-Mar 1 23-1 6.8 52.7 4.7 27.4 9.7 32.2 8.6 
17 Mar 2-8 25.4 7.8 50.0 5.0 29.1 10.9 29.9 8.5 
18 Mar 9-15 25-3 8.3 49.0 5-k 30.4 12.0 26.1 8.8 
19 Mar 16-22 25.9 9.5 46.9 6.2 29.3 12.9 25.6 9.2 
20 Mar 23-29 24.8 8.9 49.3 6.2 28.9 11.8 24.9 9.4 
.21 Mar 30-Apr 5 27.7 9.5 47.7 6.2 32.0 14.0 22.8 9.2 
22 Apr 6-12 28.1 10.9 44.9 6.6 34.1 15.7 21.5 9.7 
23 Apr 13-19 31.0 12.9 38.0 7.2 35.8 16.8 21.8 11.4 
24 Apr 20-26 30.0 13.9 39-6 7.5 35-4 17.8 22.3 8.3 
25 Apr 27-May 3 30.9 14.0 39.1 6.6 36.7 18.0 19.9 B.8 
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5 - ^he m u l t i p l e r e g r e s s i o n equation f o r maximum 
temperatures at Alexandria, obtained from step 4 :-
n 
Y = 8.739 + 5-133 (t°. x.) - 0.859 
i =1 1 1 
n , n 9 S T ( t x . x.) + 0.027 27 (1T. x.) - 0.110 T 
i = l 1 1 i = l 1 1 
Where Y = cotton y i e l d (Quintar/Fed.) (Quintar = 157.5 kg) 
x = weekly average maximum temperature a t Alexandria 
during the cotton growing season period (March 
lst-September 1 s t ) . 
t = the number of each of the 7-day periods ( i t i s 
one f o r the period from March l s t - 7 t h and 26 
fo r the period August 23rd-29th). 
n = 26 7-day periods i n a given season of the year 
T = year number (beginning with one i n 1960 and 





















x i j ^ l i r l f s 












































r O l s i * ) « r s ' O x f x j C V r s C M — X X xr O CM Oi CM O XI IT. xf - » {fi 
x — — s i m c M i n x : « d i r - i o c c i 3 > s i s o i s c s - ^ e , 
— CMCMCMCMCMCMCMCMCMfAir^cMCMCMrAiCMircMcvrocvrororr ro 
K S S s s s s s . e . s s s s s s s s T ' s S 5 E s s s n 
S X I I l N R a r f l V T i V O i C N O i N X I O M ^ O ' M R M C C 
o i N r A i o i n « ( M C M n t i i n o M n x i i N a s c — —> s s . oi o 
^ V C V ^ C M C M C M C M C M C M C M C M C V C V C V C V C M C V c M C M r o r o r o r o c v c v 
C V C M r O S I s S X O i O i O i X f C V C V r s - * X X f r O i r ) S I « - « i n C V * - « If) 
M ^ a i s v ^ i n v x v v i c i n i n a i o i ^ i i i o i c i i S i C k M & M M 
CVCV^CVCVCVCVCMCMCMCMCMCMCMCVCMrOCMCMCVrOCMrOrOrOrO 
es rs cs s . s s e s s s c s e s r s s s s s s s s s s s c s s s 
i O N v K £ N < 0 ' " ' v n o i a M > r t a s o c « i n x C ' < o i x 
x M n m r v x x i t c a ' C i r c i O N a a i ^ c s o i a i x & s 
c v c v c M C M C u e M c v c M C M C v c v c v c v c v c v c v c v c v c v c v r o c v c v r o roro 
C S S S " . S C S S C > S S S ( S S S S 5 C S S C C > S S I S S E S 
S O C S f O x t i O X k O — r o o i X X i s — r s r s — r o r s s " ) ^ rs rs ro 
n ^ i n s ^ N i B M i n n s x o i r i K x s c o i o i s s & s s ^ 
c v c v c v c v c M C M C V C M C M C M r o c M C V C V C v c v c M C v e v c v n i o i n r o r o r o 
• H K S O S S « O I O ' ^ N « ' O S « K S O i O i r O O i r O X O X > 0 < 
r o » * , o o > x r o ^ r o r o x f i o x C ' S : ' 4 ^ o i O i x o x o < o > x s o > 
c v c v c v ^ c v c v c v c v c v c v c v c v c v r o r o r o c v c v c M C M C V c v c v c v r o c v 
S S S & S S S B S S G S S S S i S U S S S ' & S S S S r i i 
rs ro rs cs ~ « < s o i r s s o t x f x i o « o > r s x - < o > r o « r s r o r s « o i 
n i ^ S S G i O N 1 I T , I O N O N N ' ' 5 0 i ^ S ( \ l ' ' 5 0 i N i r > O i 
CVCVCVCVCMCMIOCVCVCVWCMCVIOfOnCMrOrOrOrOlOeVr^ 
S 5 5 S S 5 S S S G G G S S S S S S : 5 S S S S S B S 
— xf rs c s r o r o o i P ^ P O X I ^ S S S S O O O I S I o i f s o i <o xr 
O i X O i r S K l C \ l » n r i X X f * N S N r \ S 0 C O i O I ( J > - l - i S E B O i 
~ — ^CMCVCMCMCMCVCVCMCMIOCVCIdrOCMCVCMCMrOrOIOrOrOCM 
S CS S S 5 S S G S £ G ' G S S C « G 5 C > & S S C S C S S C S S 
x i r s — X 5 xf fs O" fO — x f O > l s x » O i * s < 3 f s O i x r — S x f S x f x f 
o > s i c \ i o i x ; ' C \ i x f i n n x t f ) s i f > x x x o i o x o i » 4 0 t s ^ s x 
— CMrM^CMCMCMCMCvcMCMfocMWCMCAiCMCAjCMCMrocMrororocv 
S S & S G S 5 S S S S S S 5 S G & 5 & & S 5 5 S f i i S 
O K r o r s r s x r r s r o r o x f r s s x r s O — « t c r s r s r o - < r s o x r x i ? ! : 
rs CM si - * es cv if) <o — —• ev CM to s g x r s i s r s x r s c v e s s s o o i 
c v c v c v c v c v c v c v c M C M C v c v c v c v i o c v c v c v c v c v c v r o r o i o n c v c v 
S S S G G G S 5 E S S S S S G S S G B & 5 5 S S S S 
i s - « o » < e s r o r o i o - « o i - * r s x f o i r o x f D O I S O M O » « I M « B 
• p o S ' ^ i x r — ^ • x r - < C M i f ) f s r o , S i O ^ — - x — • C M * - ' — O I S C M S 
CMCMCVCMCMCVCM<MCMCMCVC\'CVr ) IOCVlOCVfOIOIOneMI^ 
s c s s e s s r s c s c s s e S ' S s c s s c s s & s s s s s s s s s 
M « \ 0 N O l S > « S S ' ' i H C ' C S * J 9 > P ) K ' < S > 4 M 1 I O ' I 
c » x e s x t c v r o i n x r o x f i f ) i f ) r s i f > i f ) r s « I O O I X A I M O I s i n v 
CM^CMCMCMCVCMCVCMCMCMCVCVCMCMCV'CMCVCVIOIOfOCMIOIOlO 
s r s e s c s s G S s s s s s e s c s c s c s s s c s s c s c s e s c s e s 
- s n s s ^ - c x ' V f n s c * c » r j i 5 » ' » ' S » " i * ) S K ' J r i n 
Oi x ro ' — X' if) —' ro CM x o r s i s i f ) r s r s x x x x o i O i s o < > ^ 
^^-CMCVCVCVCVCMCMCMCMCVCVCVCMCMCMCMCMCVCMCVCM'fOCVIO 
r s c s s c s e s s s s s s c s s s s s ' s s s s S ' e s s s c s s 
p o r o o r s r o x x i CMXirs i r i — x r s x r r s x x r m x —• s ID s i s x 
o ' a ^ H s e i n n N « o c* s in <o t s N N oi a o s c* s 
«-^CMCVCMCMCVCMCVCVCVCVCVCVCVCMCMCMCVCMCVCVCVrOCMrO 
G S G S S S S G K S & S G G r i G C l S S S S G S S S S 
x t r s x f x r s x r x r r o e s x x f > ~ ~ < o x r s i o x r r o x r s * i «o o> es x 
o i o i N O i ' < o i ^ ( \ i i n s i o o o K N a ) i o i O N c a : < g s s s G G 
— — — — CMCVCV CVCVrOCAlCMCMCMCMCMCMCMCVCMIOrOIOrOrOI*) 
































































X > cd O 
S -C 
CD •P CD 
CD 01 
tu- E CM cd 




< a> ID SO
 
M ! 
> cd CO i—l CD CDj 
> CO b CD 3 
CD •p 
s T 3 cd 
CD • H •H 
cd H O P 










CD -p E bi to o •H 
CD o X 
cd cd 
3 CD 
o •P ,C 
cd -P CD 
•p w 
0) 0 cd s P 
e • H 
£H 
CD 






« o o o o o o o o o o o o o o o o o o o o c r o o o o c r 
* • • • • • • • • • • • • • • • • • • • • • • « • 
* o^ro«^r-oir.r~«o<^*'M9f~r-^in.^ 
K t v i c o c r m ^ ^ o u ' r ^ C r r n o i r o 
-« iH r-l r-l C\l 
00 
0J» 
> o o o o o o o o o o o o o o o o o o o o o o o o o o 
i i j o o ^ r s j n i i o r v j r ^ c r c ^ ^ i n c o r o w r ^ 
x '<^•<Hr,^|^,|<|ml<l^«}^lnlnlfl«4«^|>.|>. 












* o o 
(M *T <C * • 
* o m 
sc CM oo 
at 
> o o 
* * 03 
* • 
I U O N 





* ~< ™ m 
ui 
i n 
o o o o o o o o o o o o o o o o o o a o o o o a > 
m—'r-Omr»>©om o r - _ i m 
o a o »*• IM O 
c J O i n co IM 
m 4- m r- CD 
r o m a o i n m c r < 0 ' * > m 
_ r - l . - « . - 4 , - « , _ » p - l c \ l 
o o o o o o o o o o o o o o o o o o o o o o o o 
I I ^ C 0 i n < f * M I M « 0 O 0 > N O < t m < 0 ( M ^ I D O ^ N | r | e 0 i n ^ 
co IM r- o> a« «*• kTi CO CO CO 00 o * <M (M •o f - o 
<C 00 r4 •*» f - oo »H 4- 00 CM m •-4 m CO m a - •4- O 0» m C- o» 
•H r4 * H CM CM CM fO en m «*• m m i n >o r»- r*- r -
o a <-> 
m r» i -
• • • 
o o o u u o o U O a o Q <o O Q o o o o o 
0* <6 * 0> CM CO IM in rH •-4 
• • • • • • • • • • • • • • • • * • • • • • m + P\ •+ •* m r- 00 CO co CO a o o O •H Q 
CM CM CM CM IM CM (M IM CM CM CM CM IM CM CM CO CO CO co CO fO CM 
"•m«or*-eDi>o»-«(Mfn>4 >m>or-co(7'o«- ,<McO '4-m<j 








> O • * 
* t 
U J -H 





o o o o o o o o 
• • • • • • • • 
H m i n « N * o> 
o o o o o o o o o 
0 4 - c M c o r o c M i » o o « 
<4>4)00f>tsi'roe0t-4'4' 
o o o o o O o o O o O o o O 9> m 
o» m IM IM <e (M i n ni r-
1 • • • • • • • • • o • • • • • • CO CM r- r-l i n o CO 00 CM CO f- o 
m o o r» IM <o r»i o m <o CM CD m m 00 
cr m i n CM fO CM ifi i n 00 m V •O 
<J o CO to m 4) f » 00 CT o rH m •+ i n P-
I IM 
o O o o © o O o O o o o o 
CM -4- i n CM 00 o CM CO 
• • • • • • • • • • • • • m CO co oo CD o CM CM 
ao CM i n •H m co i n o 
CM m m CO •4- m m m <o 
o o o 
oo m <• 
• • • 
« f* o 
<nso 
O o o o 
m r» r» 
> • • • • • o H O I M IM CM CM CM CM 
a o o o o o o O U a u o O O a o o 
0» <0 4" * IT CM oo CM m 
• • • • • • • • • • • • • • • • • • • CO -4" CO * * in r- I- 00 00 ao 00 o a o o 
CM IM CM CM IM CM CM IM CM IM CM CM CM CM CM CO co CO co 
• H O 
c M f o ^ i n « r * o o o ^ o i ^ c M i o « i n 4 > r * > o D c r O t ^ c M r n ' 4 ' i n < o 











• O O O O l O 0 O Q O 0 O O O O O O O O 0 O 0 > O O O O < r 
CM <o> >t) m I M 111 
# o r-» rn r«-
i u >-« m 
Ui 
>• o o o o 
» «t co i n co 
* • • • • 
ai CM «t <c eo 
r~omr~^>om (N j ' < }h - r - i - i » r i -<pHOeooDr \ jm r * ' 0 
f-4.H-<p-4_|i-«_l(M 





O O O O 
f t i n 
rrtf«>tM^o>o k^mrnrneor^^igD4'0^(\J<M4)r >- '0 
O W O O O O O O O O O O O Q O O O O O O O O 
00 
O O r-< - 4 





CM CM *M CM CM CM CM 
• o o o o o o o o o o o o o o o o o o o o o > o o o o o 
tMi"4'<<o*'0<r^<v<oiri<o<«>rM<Mc»<W'a*ok(Mmm 
* O •-« CM 
K «M 00 O 
UJ CM 
Ui 
V o o o 
« * oo in 
K o • • 
U I O O N 
UI CM •* <6 
r-oiftr»<oocncM<or >-^» i«ift 'H<HOaoaDCMi«)r ao 
r ^ i n o o c M t c ^ ^ ^ c ^ i n i n f M n i c M c n i n c o i n i n c M ^ o t t n 
iMiHf^(Mr< im<a t i n^h>coo«Ot^ i rn4 > inr > >9o 
o o o o o o o o o o o o o o o o o o o o o o o 
a o i o ^ i M C M ^ ) 0 0 > i M « t ' m ^ ) ( M ^ ' o a o r > c M r n a D i n < 4 > 
o o o 
Nmrn<Mfk»pcr*ininmooh»<oao*o<?cM(M<or»Q 
eot>4tr»coi^'4'aoiMmo t*4moO'4irtO><4>4)crfnr>o 




O O IM 
IM (M CM 
ocMm*ro**mr,»f^aDrfc-aooDaD0'O7>oOoOr4Q 
C M C M I M C M C M I M C M C M C M C M I M C M I M I M f M C M C M r n r n r n f f l r r i m 




* o o o o o o 
(M <t <W i n M u> ^ 
o o o o o o o o o o o o o o c r o o o o o> 
• o rn fH r- <o 
X N «D IT K l 4 9> 
U J tH m to ao 
U J 
>• O O O O O O 
* • • t • • • 
i u o o ^ I M m o> 
U J CM 4" <£ 00 m* <t 
m^-.c©fnfN)<Of»-r»t-iif\f-i.-io»cof\jfnr-o 
( M ^ O « ^ - l H ( r i r \ i n C M i « i r M r r i m o o i r t t n v r « o ^ ' i r « 
O O O O O O O O O O O O O O O O O O O O 
oJM^oo t r rM^^ i r t ^ocN i ^aoo r^rMmao in^ 
03 
u o o o o o 
* m r» r- o» 
r - O Q y H ^ a o r M i r t c ^ M i o a o M m O ^ ^ -c & o t- & 
O O O O Q O O O Q O O O O O O O O O O O 
03 
m 
O O H O N ' f 









• o o o o o 
CM • <© m «M i n 
S O cn •-• CM 
V CM 00 0» C«l C 
U J F i m i n 
Ui 
o o o o o o o o o o o o o o o o < o o o o o » 
, a-* > '0 '4 > oo , <raD*>m4>*<MfMo<o<?G»cM'nrn 
>- o o o o o 
» • * ao «n oa m 
U J o o <r CM ao 
U J <M <4- < C 00 i-i 
O i n r a - < o o c n < M < o r * > r > « ^ « i n . - t i > 4 O a o a 0 C M « r i r » o 
c o c M ^ r * * , * p i n i n c M c n c M r o i n a D i n i n c r ^ > 4 - i n 
O Q O O O O O O Q O O O O O O O Q O O O O 





o o o o u 
m c M P > p > O k ^ i n c n m a o r » 4 ) O D 4 ' 0 4 ' i M r M < o r - o 
« r > a o r 4 ^ a o c M i n O > > ^ i n c o ^ 4 i n o k 4 ' < 0 ( r t * > i > - o « 
• - • » - « c M c M < M m f n m ^ ^ ^ t f M n m i ^ ^ r > » r - h " 




O O H O K 1 
CM CM CM CM CM 
m * < * t < 4 > * i f t r * r < - c 0 K f l O f l Q a B > 0 t Q » o o o o ~ 4 O 
« M r g r v 4 r g c M C M r s j r \ i c M r M « M f \ i e M f M < M n r n r n m r n r n 
U J 
U J 
< 0 ^ c D 0 > o « - 4 f M f n 4 - m < o r - o D < r o CM fn * «n o 





• o o o o o o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 0 0 0 9 " 
U J -* tn u\ to CM tn 
> - o o o o o o o o 
lOOnrgtOhhiHinHHOcocoNdih-o 
0 » » * ' i - « 0 , t r s i f \ t \ j r n » \ j n i i r \ c o i f i i f N P » . o ^ i r \ 
H < M n i « i « i A ' O N e o i r O H f f i ^ i n h 9 o 
o o o o o o o o o o o o o o o o o o ITl 
o o o o o o o o 
c >o'^-i f>f»ifnoor-<ooD '4-0 '«* -c \ j tN^>r>».o 
f- i-4 'QO(Mm(7 ><Htr \a>-<tn9 '^<oo >rnh-o t 
O Q Q O O O O O O O O O O O O O O O 
ao 
m 
o o - 4 o <N rn >r 
C M C M C M C M C M C M C M C M 
Ui 
• t ' 4 ' m r > - r » a > r - a D a o o o 9 > 9 > o o o O i H O 
f N j f M f M r s j f M < M o j r y j r > j r > j ( \ j t \ j f n r n r n m r n r r i 
< > o < H C M r * > * « r > . o r - c o o > © t - » < M f n - 4 ' i n ^ > 
•0 
CM 
# 0 0 0 0 0 0 0 
• o • H ^ n ^ « « ^ . 0 ' * , 
UJ fn m co «M 
o o o o o o o o o o o o o o o o o o o * 
« < C O U < < r « o « n < 0 < N N O i O < r o < N i n i f | 
o 
> o o o o o o o 
* • * oo ir\ co ir> >»• (vi 
^ « r ^ M O > i n i n < > i f r i c > i f n i n e o i i > i n o k < > < 9 , i n 
r t H i \ i m ( ( i ^ i n « M o o > o ^ n < t i n > k o > o 
,HiHl-tfHp4,4f-4CM 
o o o o o o o o o o o o o o o o o o o 
<0 
00 
o <-> o o o o o 
m N f * c / « o 
^ & o * i n m r o 0 r » < o a o , * o < ' t ( M C M ' 4 ) r - o 
o o o o o o o o o o u u o u o o o o u 
00 
O O H O <M W Ift 
IM CM CM CM CM CM CM 
it>'4'<rinr>i>aor^aoooooa«9>ooQO^O 
CM CM CM CMCMCMCM(MCMCM<MCMCMCnc<lr<>'*)l T><*> CM 
UJ 
UJ 









r-» rn m eo 
<Mm<m^r»oovoi-ifn<irti>»cro 
> o o o o o o o o o o 
ft ^ o D t n a o m ^ r g c M ^ o o 
aioo«*cMfnff>tMi*-a»o» 
CMCMCM*MCM<MCMCMCMCM 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
p » i M « < i n « r y i ^ e o o f * - c M r r « , o o i f i s r 
^ i n m i n a N < o c o ^ 0 4 ' N ( M « N O 






o o o o o o o o o o o o w o o o 
Q t ^ o j ^ o v ^ ^ a o c N j i r t i ^ ^ i - t r o ^ H ^ 
o e o g e e « « « o e « « s « 
i f > h - r > - o o p - o o a > o o c 7 > c 7 , o o o o « H O 
C M C M C M C M C M C M C M C M C M C M f O f n c n r n f l c n 
sc F-t r\j fn 
U J 
U J 




# 0 0 0 0 0 0 0 0 0 O O O O O O O O O O O O O O O O O m 
$ O H A » J . 
K rg co O* (*1 <0 <0 O V m 
U J 
U J 
M m m c s CM 4- o 
V O O O O O Q O O O 
o c n c M o ^ r ^ i - o n M ^ i O c o c o c M m r ^ o 
o > ' T ) o o « o ^ ( M < ( > c n < ( i - o r n « c M « > f < , i i n 
^ • H O u \ i n c M r n c M c < ) i n c D i r t i n o < o < a > i r t 
cMn«cr)'4'ir4«or»a>o«o>^(n<4>ir\p>o>Q 
o o o o o o o o o o o a o o o o o 




U J C M i t O C O f - l ' r ^ C J D N 
Z H K l H H N 
O O O O O O O O O 
4 , c o c M i n 9 t < - 4 i n c s * H i f > o > ^ < o o , r o h > 0 ' 
c M C M ( n c n c n ^ < r * i n i n i n < o < 0 < o r > > r - - i * -
c i o o o o o o o o u o o o o o o o 
o«o>«^cM>Hi9'<o>4><BCMif\ra av4«-«r t e«M<r 
00 
m 
CMCMCMCMCMCMCMCMCM < r m h ' h S N a o ( o « D







f4r» t fMCMCMCM<MCMCM 
- ^79 -
> 
* o o 
<M ^ <0 * • • 
* O r-l 




o o o o o o o o o o 
^ Mn « ^ <e « a <r 3 O O O O O O O C T O O O O 0 > e<oin<orNO'o<0'tcMMinm 
m 
rvi 
<o»Hf«-omr— <o o m o 
H |<l ift CO N * (f -t H o 
H H M n i 41 
O P - r ^ ' H i r i i - i > - i o o o o D r \ j r n r « - o 
7 > o i ^ r > i ' t f r n ' 4 ' O i r i 4 ) f \ | c o r n i n 
O i n r g p i i N i i o i n c o i n i f A t 7 > > 0 < ' i n 
o 
> o o o o o o o o o o o o 
« ^ o o m o o m 4 T < v j < M < o o o > < M 
ujo©*fM«nmfMi*-eJ ,o s<*h-
X i H f - i ^ i - i i N i r M r g r n 
O Q O O O O O O O O O O O o l o 
r O * i n « r \ j « c o Q r - ( N i t t t t t t * r n 
ao 
rn 
o o o u a o w o o o o o 
4-«<rmr"-r~CT,«>*-.*t7<<7««""i 
> • • • • • • • • • « • • 
o O o i O N i n ^ m ^ g - i n a } 
c > j i \ J ( \ j r \ i c \ j f \ j i \ J c o r \ j r > j c \ j f \ i 
O Q O O O Q O O O Q O O C ? 
f N i M 0 » 4 } < o a o r g i n r » - M ~ 4 r * i - i 4 -





p H r - i M f H r W ^ C M r s i r N i r g r N i r s i r v i 
2 
UJ 




j j j r l r t H N l f l 
o o o o o o o o o c o o o o o * 
e > « n i « w i n c > i » o u A O o i f t t f » o » < o ^ u 2 
— — — — i n 4; mi* o> o 
H H K I I M 
c n ^ m g j l ^ o o c r O ' H c n ^ 
H rt H H 
> > o o o o o o o o o o o 
* <4>aomooirk<<r<MiN>ooo t 
ujoO'*f>j fnrr! (v:r , «cro , , m ujfM^<ocoi-i<4'r-ao»-«<9 vcj ,> 
2 H H ^ H N I M I M 
o o o o o o o o o o o o o o o 
c \ i « o < i n < f l r g 4 , o o © f * - < > » f o o B i r i « T 
• • • • • • • • • • • • • • J * 
i r » f 0 f n « D l ^ * f l 0 * O * ™ £ « © £ O 
c M i n o » M i n o o » H i n O > 4 ' « o > c o ^ p 7 » 
O O O O O Q O C J O O U 
( M c g r s j r N J r g r M f V i ' M 1 ^ ™ ™ 








fc o o o o o o o o o o o o o o 
U J H ^ ^ N m n ^ m 
o o o o o o c r o o o o o * 
> o o o o 
* <r CO m 00 
se • • • • UJ o o <* 
Ui <M «© 00 
at 
o o o o o o o o o o 
• • • • 
f i * r«- oo ~* 
• • • 
* oo 
• • • 
if* en i>» 
(M ir« o 
0 Q 0 0 C J 0 0 9 0 0 0 0 O 0 
> • • • • • • • • • • • • • • 
cgcgcMrv»(\j(\J»Moi<\ic\i{\jcg<\i(\i 
r - < i r > r - « i - « O C 0 C 0 ( \ j m h - O 
< O h - a o O ' o ^ m < a * i r « r > o , o 
O O O O O O O O O O O O 
m < o r o < 4 , Q D O r - c M r n a o i r \ ' r 
• • • • • • • • • • • • 
o o r - N o a o , * - o « r < \ i c \ J > B r - 0 
,-«ir*co—•mcr^>00,mf-<7> 
O O O O O O O O O O O O 
f s l fN i f s i r^rgrgmrOrnfomrn 
^ l ^fMro<4 ' i r«4r>ooo k OiM(M (n4 ' irt<of*-eookO^(NifO<tir««o 
i ^ ^ ^ ^ l M r M C M C M C M f M I M 
* O O O O O O O O O O O O C 
9 o 9 o e e e e * e * e e ( 
*o«^m^r«>oirtr>-<oorn<Mir 
Ui H H H N m m ^ 
> O O O O O O O O O O O O Q 
*<aDmaoin<r<McMOO<r(M«0 
o o o o o o o e > o o o o o > 
e e e e 0 e » e e e e # « 
r - r ^ ^ i r t ^ ^ o o D O D o j r n i ^ o of^-cM<om^-o»«i«ors joOff i i f i 
i r t « o r > o o ( 7 > 0 ' ^ n > < « > u « r » ( > o 
o o o o o o o o o o o o o 
m 
uioo4 ,(Mrnm<Mrwo ,o k<4 |ir«<o 
Ui<M'4 '>OC0-4<t , r > *aD^<4-C0(M^} 
3 f* CM <M f\i fO fO 
o o o o o o o o o o o o o 
m a o r k > « o o o ^ > o 4 , i N ( M < c r » o 
o»M«nco^ir»o»>4-«oo4fnr-^ 




O O H O r g r n ^ m * «<• »n r«- co 
( M r M l M I M I M ( M ( M ( M ( M I M r M ( M O J 
O h O C 0 l B Q > | > > O O O O H O 
i M N i M N i M O J i N K o m r o m n r n 











# O O O O O O Q O O O O O O O O O 
# • • > • • • • • • • • • • • • • 
# O f - 4 f n . - « f - o i r \ r - o o r o r M ^ p - r -
uj »*mir\oocM'*o»'a>»-,o»«>u">cMm 
> » o o o o o o o o o o o o o o o o 
* • • • • • • • • • • » # • • • • 
u j o o « < " < N j r r i r o r g r - o c j , « j , i / > f r i r n o o f r i 
l U C M * « C 0 0 » - l ^ - r * - C O « = » ' * C 0 C M » n C J » . - « l * -
o o o o o o u o o o o o o o o o 
{ N j i \ j r g r M f M e M r g r g < \ | c \ j ( v i r N j p a o j r j f > j 
uj 
o o o o o > o o o o < r 
N ffl i r c o V M T < o> <o 4 if) 
c o u > o ^ r t * i n h o > o 
o o o o a o o O o o 
rM<*,OOQh»CMfrtODm<>' 
• O < X J < t O > t N N > 0 S O CD 
m 
o o o u u o o o o o 





• O O O O O O O O O O O O O O O 
N ^ « i A r n i n ^ « < 0 4 0 o > < r o ) 4 ) i r t 
O O O O O < 7 > O O O O 0 » 
• o « H r O ' - « r > - O i n h - « O O c n c M < o r - c M 
U J i ~ i n i i f > a D C M * W 4 ' r 4 0 > i n i n i n 
U J N H H N P ) I « 1 < I A « 
> o o o o o o o o o o o o o o o 




r H f - i r H f - t r H ^ ^ r M 
o o o o o o o o o o o 
<OCM<«-00O^CMmCOU - t<4 -
<o 
CM 
u u c M 4 , 4 0 0 f H < r r « > c o i - 4 - 4 , c o c M i n o > i n 
3 r ( ^ H ^ N N ( M m flW * 
O O O O Q O O O O O O Q O O O 
*'* '«r»i^h-o»<o^^o*cj >-<fM^o ,» 
<6ao^-0'4vrM(M^)r~o 
O O Q O O O O O O O O 
00 
cn 
o O f - t o c M c n ^ i t > ^ ^ m i > r » o o o o 
CMCMCMCMfMCMCMCMCMCMCMCMCMCMCM 
co oo op o> 0 0 0 0 * 4 0 
c M C M C M C M r M m c c t r n c o r n r o 
X i ^ c M r n . , t i n < o h > c o o > o * - c c M r n < ? i r t 







- 4 8 2 -
• o o o o o o o o o o o o o o o o o o o o o> 
CM C I <0 
o o © o o» 
* g» I N m i " 
* a —• 




H i n i n o o ( M ^ o , ^ ^ v | i n m N i , i N < o i n a o m m g « . o ^ m 
O f - i m t « n r - 0 » O 
H H H H H H l N 
> o o o o o o o o o o o o o o o o o o 
* * - e o m o D i n < ' f N f \ j i O O f f * c N < e ^ m < 0 ( \ i ^ 
0 0 0 0 0 0 0 0 
o o o r - « \ i p i c o m - s - in 
i u o o ^ N i < i m N N o > o > ^ i n m i n c o N 4 ) 4 ) 
3t H H H ^ ( M ( N ( V / m m m * ^ ^ m 
O O O ^ O O O O O O O O O O O O O O 
4'0'4'n)iM<Oh-0 
in a < o (M*l h C 
o o o o o o o o 
00 
m 
r \ i n i < v r N i c g r g c N i n i N < > i n i r s i ( N < M ( > i n i n j r g 0>trooooHo 
)C<-ini(n4-m«^ooo >o<Hrgin'4 ' in<oh> 
ui 
oo P O ^ n i n ^ - m i O 
N N IM N N N IN 
JJ 
# 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N ^ ' O H M N i n < t < r < o ^ o i r t 4 , i O t O « > < 0 ' f 
0 0 0 0 * 0 0 0 0 0 * 
n j < N O « 4 ' c r r > j . i n m 
m 
oo 
• o « H f n « - < r - 0 » n i ^ < o o i | o n j ^ i > i > ^ ^ 
^ N O ( r i i i « < o o a | i w ( r ( < > o o » o h i M i n 
u i H c i m o I N ^ u< <• H 51 m i n w (ti m 
> 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
t « < P l f l V m i r N l N < 0 0 0 > M < 0 ' I ' l O < O r , l 
v H ^ o o o a o i N r n ^ o 
p i 4 ' O r n < o < x a o m i n 
m i n o i M n o > < 0 4 i n 
9> O 
(M 
cr o m « - m h> 
o o o o o o o o o 




u i O O < ^ ( M r o r f > c M r > ( T ( r ^ u > i < > m a o h - m 
U J N 4 - 4 ) ( O H « M D H i t O } I M i n ( r H | 0 0 
35 » i r-i •>< IN IN <N ro f> m <a* * m 
o o o o o o o o o o o o o o o o o 
0 0 4 - 0 4 - I M < M « O h > 0 
H m c • « o* j o N o> 
o o o o o o o o o 
a o i M i n r - i - 4 » H r » i - i 4 -
00 
f N r g i N i N i N i N C N i N i N i N i N i N i N f N f N i N i N 
0 0 0 > f f > O O O O r 4 O 
i M < M < M f > f n c » r n m m IN 
K H i v i i < i < « ' i n < o i > > a o ' O H M « i ^ i n < s h 
^ • M I N O I I N I N I N I N I N 
U i 
- 483 -
* o o o o o o o o o o o o o o o o o o o o 
• • • • • • • • • • • • • • • • • • • I * 
* o « - » f 0 ^ i r - o i r » f , - o o f n c N j « o r - p - « - , i f t » - i i ^ o 
<r o o o o o> 
« ^ v< <N in ni 
oo oo <\J cn i> o o 
m « iM cc io m o 
m i n o* <© "4" m 
m ^ m r- o> o 




3c H H H H N N N m n m ^ ^ - t i n i n ^ 
O O O O O C 7 U O O C 9 0 0 0 0 0 0 Q O O O 
o o o o o o 
CM CM 00 lf\ *T 
««• CM CVJ >o r- O 
^ <0 0> fO t> o> 




a o o M o 
c*i ro c*> m c*> 
O 
N 
•-• (M fO 
a i 
Ui 
i n < O h ( D 9 0 H N | < > > t i n < O M D O > 0 
r H r - « i - 4 > H ' - « i - 4 r H i - 4 r - 4 f - i r M 
mi CM en «*• m <£ 
CM CM CM CM CM CM 
* o o o o o o o o o o o o o o o o o o o 
iM*4 ,<omCMin«*« ,<o«s>oi/>^croo<<lino<4>cMCM 
o o o o o o o 
O 4> « (T (M PI 
« O H i n ^ r > o i n N « o i O N t o r » r » H i n r 4 N 
x N s ) i M n 4 « o u < r ' 0 i n o c * o h N < u i n o 
U J H f r i i n c o N ^ v ^ H ^ i n i n c M i n N m o * 
U J H r 4 H | M | f > m ^ i n < O ^ 0 O t O 
> > o o o o o o o o o o o o o o o o o o o 
• • • • • • • • • • • • 
UJOO^(MrocncMr-0 ' a>*« ' > i%fnroaor«-<oooin 
U J C M ^ « O 0 0 < - t ^ ^ 0 0 ( H ^ C O C M i n O > i H i n 0 O f H l P " 
31 H r t H r t N N N W ( f ) f n * « t « t i n i f t 
O c o c o N m h o 
a m <o CM OD cn m 
• in in o* 4 f in 
H in • * r> p> o 
o o o o o o o 
O •> CM m cs m 4-
o a o O U a o O o O o O o o O a o 
«* v\ CM a* 00 CM in 
» • t • • • 9 • • 9 • • • • • • • • • • O O H O CM m CO in r- r* 00 00 ao O
CM CM CM CM CM *M CM CM CM CM CM CM CM CM CM CM CM CM cn CM 
o o o o o o 
• • • • • 
S B 0 * - 0 > en c*> en cn 
^ H N r i 4 > i n < o N O ) o > o H N r ' ' < « > i n < o r - c o < r 
UJ H F 4 H < - I H H H I H H - CM CM (M CM CM CM CM 
Ul 
- kQk -
* © o o o o o o o o © o o o o o o o © o o o » o O O O O" m 
co 
^ C M C D € 7 > c o o 4 3 © c r r ^ o ^ r n o c r o c * C M » O f n « j " O c « i i n 
3t H H H 
CM rn o 
CM co co m 
cr 43 4- m 
m p» o> o 
HHHlM 
> O O Q O O O O O O O O O Q O O O O O O O O O 
# < f C D i n c o i n < t c M C M s 5 © o ^ c M « © , a - i f t , o c M < r c o o r - c M 
o o o o 




U J O O < f C M c 0 c n C M r ^ < r c * ' * i n c O f O 0 0 r » 4 i < c - 4 - O « * 4 -
u i ( v j ^ ^ a O f H ^ r ^ a o i H ^ a o f N i u ^ c T > H i n a o < H u > ( T < 4 ' a o 
j * PH rH i-t rH CM CM CM CO cn co • * m m m <o H ? 
o o o o 
»»• m r-
O O O O O O O O O O O O O O O O O © 
I ^ C > 4 3 * H r c r c * t H C M » H j C * 4 5 « } f l O C M i n i » - r H 
CM 43 o 
o co r»- o> 
o r* i> r-
o o o o 
CO 
o o » - « 0 ( M f 0 ^ c n 4 , « * , m r * - r , - o o c * - a ) e o o o c r C 7 ' 0 ' H 
CMCMCMOICMCMCMCMCMCMCMCMCMCMCMCMCMCMfMCMCOCO 
_ O M O 
CO fO CO CO 
«0 
CM 
X r H C M r o * i r k < 0 r ^ c o C > O > H C M r O ' 4 > i n « l w c o IT O rH CM 
r-l CM CM <M 
ro o- m 





o o o o o o o o o o o o o o o o o o o o o 
«4>u>cMir«<r<cr«0 '<« 'ocr4ra>««n<o<«'CMCMO<o 
{ o H i n H i w e i n N i o o ^ N m ^ N H i n H H O o 
UJ a ^ f n t h a c M ^ c ^ H r ^ O ^ i n i n f M c o c M i o i f t a o t p 
UJ H ^ H N n i C l ^ i n ^ N C O O O H m 
o o o o o 
<cr or <M tn co 
CD CM CO r* o 
o CM ao co in 
m «r <o <r in 
«*• m r» <r © 
H H - i r g 
> - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
#4 , aDineom<(MCM«oc > (M<0 '4*m«cM4-aoor-
o o o o o 




iuoo^cMcornrsir»c^cT4 , incococor k«4aoD<9 'o in 
i u c M ^ w j } c O i H ^ r ^ c o i H ^ a o c M i n c ^ r H i n c O i H i n o « > o 
$ rH»HiHrHCMCMCMmrOCO<<><fl-irsmm<0 
Q O O O O O O O O O O Q O O O O O O O O O 
^ 4 > i n K i ^ i T 4 9 < r ^ c r ( r * H C M ' 4 c r « 4 i > « D C M i n 
CM CM «o r- o 
«0 C co r>» cj* 
43 «© r*» r-
o o o o o 
* H ~ < « 
CO 
CO 
o o H O N m ^ n ^ o n N M O M o a o c o o t O H 
C M C M C M C M C M C M C M C M C M C M C M C M C M C M r M C M C M C M C M C M C O 
O O O -* 9 
CO CO CO CO CO CM 




in<Or»CDC*OrHCMCO-4 ,in4?l> co <r o 
rH rH CM CM 
CM CO •» m O 
CM CM CM CM CM 
U J 
- 485 -





^N«o> i> i<o< ioa , MM*lOO > or < , r t i «p i<tOKi4 iMU> 
MI •nrnincocM*<P^*4Cj>inincMcnrMrninccurkinV'CM 













> > o o o o o o o o o o o o o o o o o o o o o o o o 
» ^ e o u > < n ^ ^ f N i < N J > O O C r « , > J ' 0 ' a - ' ^ * f N J , * ' 0 D o r - < \ j r n c o 
• • • • • • 
iuo©4-CMcnfncMr^^c> i^ocnr»icoh-^>cjo^o«frcMCMO 
















o o o w o o o o o o o o o o o o a o o o o o o o 
















# o o o o o o o o o o o o o o o o o o o o < r o o 
rM^ i^nCMu>^*<o<eocr«ao<0wi<o<4r<MCMo<o«c* 
o o c* o 
o 
U J M H i 4 N P i m ^ i r t i e M s o > o < H ( n ^ < o 
co m m 
o «r in 





> o o o o o o o o o o o o o o © o o o o o o o o 
**aou>aoin'rcMCM<4>ov'CM4><«-in<4>cM*cDOf>cMrn 
o o o m 
u j O O ^ r g n m N r ^ e > o t ^ u > r n r n e o r > ^ o o 4 ' 0 ^ t N i n 








O O O O U O O O O V 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
























» 0 0 0 © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 > © 0 0 0 0 » 
^ N 9 a * n <o 4 
iu w m i n oo 
Ui 
• * 
m r- o rn CM <Op-p- in f-l 
o r~ p> o c o p- P I IN o «H »n m CM m «M P I »• r-4 f-t «M P I CO in <o co cr 
r4 O CO CO N CI h 4 ^OKIiO(MCP(nlN 
o P I ^ m p» o> 
o o o o o o o o O o O o o o o o o o o o o o o o O CO m ao m * CM CM o 0 * CM i n CM 0 0 o r- CM rn 0 0 m 0 9 
• • • • • • • • • • • • • • • • • • • t • • • • • • o •4- CM pi en CM P - 0* •4 m 0 0 ao + o •* CM CM <« r-
0 0 r- 00 oo CM m m 0 0 f-i m CP cn r- 0 0 w-t I-t r-l CM CM CM CO m m <* m m m p- p- CO 
o © o o © o o o « a o o o o o o o o © o © o o « o o o 
^^inp>i^^^)-4 '4 > 9>O k i^cMiHC7 > 4)4>aocMini>> l HiHp-«-i t 
OOHOiNiri^m«4'tftM>>(i>Ncoa)oo9'0>oaoOHH 
CMCMCMCMCMCMCMCMCM«MCMCMCM»MCMCMCM«MCMCMpimcncnP1Pl CM 
x CM rn 
UJ 
UJ * 
i n « h C O O « O H N ( 1 1 + t ( \ < p . C O O ' O H l M r t ^ t f l ' f l 
^ ^ C M C M C M C M C M C M C M 
UJ 
• 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 0 0 0 
CM<4*<omcMm«*>0'*oV'«,OD«m<o<a'CMCNO<o<4>(rfMin 
« • • « • • • • • • • • • 
* O H | t i H r > o m r <oo<*i<M<OP-p-i^ mv4p40ooaocMcncM 
ui H m in *o N ^ 
U J i - i H H N n i f n ^ 
m 
( p ^ H ^ i n i n r g m N m i n c o i n m o t i o o 
— 4 } P - oo o» o «-c m «n P - o 
r4 rt r4 ~* CM 
in 
> o o o o o o o o o o o o o o o o o o o o o o o o o 
<!> « o o < n a o i n < c M i M 4 } O c j « C M ^ « v v < o c M ^ c o o i > C M c i o a D i l > 
uoo<tc>ifni^NNo <o ><('u>mfn«o^«co<o^NN<oN 
ujcM^>ocx i>^«p-oo<HtoocMiAC^M^c jQ^inc> ' t«c>rno 
» >M ^ I H CM CM CM rn ro <*> <o> ^ m m in 4> •« <o *^ «o 
O O O O O O O O O O O O O O Q O O O O O O O O O O 
* ^ i n r > r * g * ^ * * C P O , r 4 C M * H < p 4 } < O 0 D C N i n P » > * C i H P » i H 
CMIMCMCMCMCMCMCMCMCMCMCMCMIMCMCMCMCMCMCMCnrncnfnm 
SC CM pi 
U J 
U J 




o t-» CM m <> m 4) h- 00 o o mi CM ro 4-
o 4) 4> 4> 4> 4J 4> 4} 4> <0 r - r*- r» r -
»- t - t- K- t - »- »- tm h- H- r- r-u U U u O u o o o O (_> O 
X X X X X X X X X X X X X X X 
X X x X X X X X X X X X X X X 
X X X X X X X X X X X X X X X 
UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 
- J ml - J mi mi —J mi mi - J -1 - J _ J ml mi 
< < < < < *t < < *tx «x < < < <L 
o o m mi o o mi i n r» 
r<- in 4r i n 4> 0> in 00 CO I* . <> 00 4> 
r- eo ro o m* 00 o CM CM CO CM 
• • • • • • • • • • • 4 • • • ro m m m CM •-4 CM to CM CM CM CM 
I I it I I I I I I 11 I I I I I I I I I I I I I I I I I I 
o t> o th r* (*) 0» o» r* rr» en O 0> 
ro m CO m CO ro m ro CO (O ro ro ro ro CO 
r- r- r*. r-
• • t • • • • • 4 • • • • • • 00 00 co 00 00 00 CO 00 oo 00 00 00 ao CO CO 
• ••• • • • 4> • • • • + * 
•a* mm t*m> *m mm 0m, 
o o o o o o o O o o o o o o o 
• • • • 4 • • • • • • • • • • CM co in 4) CO o m* CM CO 43- i n 
mi mi r-4 mi mi mi 
» « * * * * * * * * * * * « * 
o o o o o o o o o o o o 
• • • • • • • • • • • 9 t • • 
o o o o o o o o o o o O o o o 
1 i » 1 1 1 1 1 1 1 1 1 1 1 
o CO CO r* CM m* fO CO CO o 
CM co i n m i n r-4 mi <> -^ o o • • • • • • • • • a • • 1 0 • CO 4> CM CM f-« CO o o» fO m 4> o> CM 
mi r*. O i n •-4 CM o CO o sQ ro o 
CJ> r- 00 m4 1-4 00 0> o ro 0> o o O o 0» 4) 4> 4J r - r«- 4J 
* * « * « « « « * « « *> « * « 
r- r - r- r- r - r -
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
O O O O O o O O o O o O O o o 
I • • • • • • • • • • t • • • o o o o o o o o o o o o o o o 
• • • • • + • • • * + 4-mm> m* mm mm m* mm m+ m* mm- m+ 
o 00 S0 *t m CO CM CM mi mO CO 
0* CO i n mi m o CM 4> CM 4} r - o CM 
• • • • • • • • • t t • • • t o CM 4> 00 m* CM fM 43 CO 4) co 4 ) eo 4> 
CO r- CO o 00 CO O GO CO co CO r - CO 
co m cn m co ro ro ro CO fO CO CO ro CO 
o 0» 0> o o» o o> o- o> o o> cr* 
m in i n m m m m i n m m m m m m m 























1 i i 1 i 1 i i i I I i 1 I 1 2 
mi 4> mi 0> r*- ro m mi o m ro 4f o> a 
ro CO o in CO CO i n CM mi CO mi 4) CO 0> 4> a 
• • • • • • • • • • t • • t • u 4) in 4) 4) 4) i n 4} 4) CO 4 ) r - 4> «o m 4> 1-
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
* * * « « * * * « * « « « * 4 m « G 
ro CO ro CO ro ro ro CO CO ro co ro CO ro CO »> 
ro ro ro ro fO ro ro ro ro ro rO ro ro ro -
• t • • • • • • • • • • • • • t 

























































cd - P 
< CM m m r- CO IT o r-4 CM co 
CO rH r-l rH 
X X X X X X X X X X X X X X 
X X z z z z z z z z z z x x K r- h- r- r- p- r- r - r- r— p- 1— K-
u o i_> u U u U o o u u X X X X X X X X X X X X X x 
UJ UJ LU UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 
- J —J - J -1 - J _ J - J —J _ J _ J _ J mJ . J 
< < < < < < < <i < < < < < <I 
I M m co o p- 43 r- o CM rH cn 
0> o p- •o cn rH o» CO <o 4J U> 
0> rH rH rH o o o O 0* I T CP cp I T 
• • • • • • • • • • • • • # m en m en CM en CO 
I I I I H I I I I I I I I I I I I I I I I I I M I I 
CP o 0> o> er CP o» o» o» CP o» 0* 









i— en r» en p- CO r-
CO 
p-
CO 00 CO 0D 00 00 00 oo 00 00 oo oo 00 oo 

























































































































































































































































































































































































































































m <o r- 00 CP o f-i CM m «»• m « «t r-i •H •-4 CM IM CM CM CM CM CM I t * 
X X X X X X X X X X X X X 
x X X X X X X X X X X X X « » 
p- i- r - »- p- r - t- 1- f - 1- h- p-u u U O o u O u o O u O % * 
X X X X X X X X X X X X X <* * 
UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 
_ J - J - J - J —i - J - J • J • J - J 
< < < < < < < < < < < < < 
r- rn o o o m 1-4 CP V CM m o * * 
m m m cn m m CO o CM 4" 
CP CP CP CP IT CP ir o o o 
• • • • • e • • • • • • • m m rn CO m cn m m m m * * 
* * 
ii H I I I I I I H ii ii I I I I I I I I I I • qk 
o CP CP CP CP CP CP CP IP CP CP CP CP * <* 
rn m m m m rn m m m m m m m 
p» r - p- p- p- p- p- p» p» p» p- r-
CO co co 00 00 au «u ID av «w w 
in P» o Pi p- a O p- m O p- m 
IN m in 00 <o r-l O m O 09 r- P-
• • • • • e • t a « • • • * * CM m «*• in p» CO O m m ao O 
o> CP C> CP CP CP O O Q O o O •H 
o» CP CP CP IP o o © o o o o 
<o >o * 4) 4) <o p» p» p» p» p» p- p-
"» « 
<* «k 
r - p- p- p- P» P- p» p» p- p* p- p» p- * * 
CM CM <M CM IM CM CM CM CM CM CM CM c\j 
o o O O O o O o O o o o o « * 
• t t • • • • • « • • • • o o o o o o o o o o o o o * * 
• • • • • • • • * * 
CO CM o m in CP m o 
cn m m m f- 00 CO 
• • • • • • • • • • t • t 4- 4- •cf «• * * * oo ao CO 00 00 CD 00 00 CO CO 00 00 ao 
m m m m m en m co m m cn CO cn 
o 0" c CP CP CP CP 1 CP CP CP CP CP 4tK 91: * « 
m m m m m in in m m in m m m « m 
00 00 CO 00 co 00 CO co CO 00 00 ao 
• • • • • • • • t • • • t * * o o o o o o o o o o o o o <* * 
1 1 i 1 i i 1 1 1 i i 1 1 * * 
* * 
•o <o 
• • • • • • • • • • t • • o •o <* * CM CM CM CM CM CM CM CM CM CM CM CM CM * * 
* * 
* « * « * « * « * « « * « 
m m 
m m m m m m m m m m CO CO it « m m m m en m m en m m CO CO 
• • • • • • • • • • • • • * * 
m m m m m m m m m in m m m 
- 490 -
Step 10 
The Net Change i n Cotton Y i e l d Using the M u l t i p l e 
Regression Equation f o r Maximum Temperature at 
Alexandria (see Figure 12 .5 i n the t e x t ) 
Week 
No. 




f o r each 
week 
The 
r e s u l t 
of the 
b a s i c 
equation 
Net change 
i n cotton 






y i e l d 
Ocg/Fed.) 
1 4.164 3.992 0.172 27.090 
2 '+.133 0.141 22.200 
3 4 .103 0.111 17-480 
4 4 .076 0.084 13.230 
5 4.060 0.068 10.710 
6 4 .037 0.045 7.088 
7 4.016 0.024 3.780 
8 3-997 0.005 O.788 
9 3 .980 -0 .012 -1.890 
10 3.9666 -0 .026 - 4 . 0 9 5 
11 3-962 -0 .030 - 4 . 7 2 5 
12 3.951 -0.041 - 6 . 4 5 8 
13 3-9^3 -0.049 -7 .718 
14 3-937 - 0 . 0 5 5 - 8 . 6 6 3 
15 3.933 -0 .059 -0.292 
16 3.930 -0 .062 - 9 . 7 6 5 
17 3.930 -0 .062 - 9 . 7 6 5 
18 3-940 -0 .052 -8 .190 
19 3.945 -0.047 - 7 . 4 0 3 
20 3.951 -0.041 - 6 . 458 
21 3.959 -O.033 -5-198 
22 3.969 -0 .023 -3-623 
23 3.982 -0 .010 - 1 . 5 7 5 
24 4 .005 0.013 2.048 
25 4.021 0.029 4 .568 
. 26 4.040 0..048 7.560 
* Quintar = 157-5 Kg 
\ ' \ . 
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